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INTRODUCTION
Chapter 5 presents the open lake characteristics of Lake Superior. The
chapter is divided into six sections: physical limnology, sediment character-
istics, chemical limnology, aquatic biology, bacteriological baseline, and the
fisheries.
SUMMARY
While limnologists have yet to agree on a quantified scale to describe
the trophic state of a lake, the open waters of Lake Superior constitute a
classical example of an oligotrophic lake. The great mean depth (145 m) and
geographical location result in a mean lake temperature nevergreater than 6°C
and in a massive hypolimnion volume. Anthropogenic influences are detectable
only in the embayment areas although toxic contaminants have invaded the
biological system of the entire lake. The open lake trophic state remains
essentially as it existed at the time of first description by Agassiz (l) in
the mid—nineteenth century. In the vicinity of Montreal Island, Agassiz
stated ”. . . we tried an experiment as to its transparency, [the water] by
lowering a tin cup at the end of a fishing line. It went out of sight at‘
forty—two feet." Secchi depth measurements of 12 m are common in the area
today.
PHYSICAL.LIMNOLOGY
The hydrologic setting of the basin, where the lake volume is large rela—
tive to the basin drainage area, results in a very long flushing time of about
175 years. However, semi—annual vertical mixing episodes and strong horizontal
currents during the stratified periods in the lake result in relatively rapid
internal mixing, having a scale of a few years. Thelake thus reaches equilib—
rium with increases in loading relatively quickly (order of a decade) but
would be able to respond to load reductions only very slowly (order of two
centuries). This factor illustrates the extreme importance of maintaining the
high water quality because recovery from damage would require a very long
time.
CHEMICAL LIMNOLOGY
The chemical composition of Lake Superior waters reflects the geologic
structure of its basin and the low level of anthropogenic loading. A large
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Superior Harbor and Thunder Bay in response to the greater biological produc-
tion in those zones.
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SEDIMENT CHARACTERISTICS
The surficial sediment distribution in Lake Superior can be related to
the post—glacial evolution of the basin. Comparison of composition of recent
sediments with the older deeper sediments allows identification of those ele—
ments showing influences of man's activities in the basin. It has been shown
that enrichment of mercury, copper, and lead has occurred with possible increases
also for zinc and cadmium.
The distribution of zones of enriched sediments gives an indication of
areas impacted by particular sources. The most pronounced such influence is
the prior source of mercury from the Thunder Bay area. These enriched sediments
have moved southwestward in the Thunder Bay Trough where they are now buried
beneath the tailings deposits from the taconite processing plant at Silver
Bay.
The organic carbon level in sediments of Lake Superior is low; strongly
oxidizing conditions generally prevail. The surface sediments are high in
total phosphorus bound in iron—rich layers which effectively prevent release
of phosphorus to the overlying waters. The sediments act as an effective
phosphorus sink for the lake.
TOXIC CONTAMINANTS
The most evident impact of man's activities on the open waters of Lake
Superior is found in the toxic contamination of the biological system.
Levels of mercury, PCB's, and pesticides found in the tissue of fish sampled
at several open-water areas of the lake were sufficientlyhigh to be cause for
concern and, in some cases, exceeded the guidelines for safe human consump—
tion. Sources of this contamination are not evident in all cases nor are the
transport pathways well understood.
ASBESTOS FIBRES
Anthropogenic influences have also apparently altered the concentrations
of asbestos fibre content of the open-lake waters. Large quantities of fibres
are released from the taconite processing plant at Silver Bay and a portion of
these become mobile in the general lake circulation. Other fibres present
have a natural origin but are distinguishable from those of taconite origin.
Concentrations in the open—lake waters were found to range from 0.1 to 87 x
lOe/l, but variances were large so that spatial patterns were not identifiable.
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 ﬂ PHYSIIM IIMNIIIIIEI
This section discusses the characteristics of the physical limnology of
Lake Superior as a whole with the objective of providing background for ad-
dressing the Reference Questions and, in particular, those relating to trans-
boundary movement of materials in the lake. Included below are discussions of
many physical processes and characteristics which do not directly influence
the water quality of the lake but, in each case, these processes are intimately
connected with biochemical processes and factors bearing on water quality
criteria and guidelines for Lake Superior and, hence, are relevant to this
report.
SIGNIFICANCE OF PHYSICAL STUDIES
The results of studies in physical limnology, which is primarily concerned
with interactions between lakes and the overlying atmosphere, have wide
ranging application. For example, there is a continuing requirement for
knowledge directly impacting on the safety of man and on his commerce and
recreation. Included here would be information on currents, storm surge
events, wave climate, the occurrence of fog, and prediction of ice conditions.
On the other hand, a general understanding of the temperature and current
patterns in a lake is necessary for water quality assessments and for pollution
impact studies. Chemical reactions, bacterial action, and biological processes
are temperature dependent. The formation of the summer thermocline can effec-
tively seal the hypolimnion from a source of oxygen and isolate the epilimnion
from a supply of nutrients. Currents transport suspended particles into and
out of a region. Sedimentation and sediment patterns are affected by the
local circulation. Currents also transport both plankton and nekton species,
thereby determining in part the productivity and general ecology of a region.
Finally, nearshore circulation and temperature structure information are
necessary to help determine the effect of a pollution load to a particular
region.
The sections which follow treat first the water budget, that is, those
factors affecting the amount of water in the lake and the flushing time.
Next, the heat balance is discussed in order to emphasize the influence of the
large surface area and great mean depth of Lake Superior on its physical
characteristics. Then the close relationship between temperature structure
and water transport in the lake is described. Finally, the optical char—
acteristics are reviewed.
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AVERAGE MONTHLY CHANGE IN LAKE LEVEL, IN CENTIMETRESa
Jan.
Feb.
March
April
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec. T
otal
for
year
Land
Drainage
3.3
2.9
3.5
8.6
9.1
6.3
4.9
3.8
3.6
4.1
4.2
3.7
58.0
Direct
Precipitation
4.4
3.6
4.0
5.3
7.2
7.2
6.4
7.3
7.5
5.9
6.4
4.4
69.6
L
T
J
d
ﬂ
S
Total
7.7
6.5
7.5
13.9
16.3
13.5
11.3
11.1
11.1
10.0
10.6
8.1
127.6
2
5
1
Outflow
6.3
5.6
6.0
6.1
7.7
6.8
7.4
7.7
7.5
7.6
7.2
6.6
81.5
Evaporatioﬁb
9.0
5.8
1.8
0.3
—0.6
—o.7
—o.1
2.4
4.7
5.4
8.5
9.6
46.1
$
3
0
1
Total
15.3
11.4
7.8
6.4
7.1
6.1
7.3
10.1
12.2
13.0
15.7
16.2
127.6
Lake Level
+7.2
-4.6
-o.2
6.9
9.9
7.4
4.4
1.7
—0.8
—3.5
—6.0
—8.0
0.0
Thermal
Expansion
0.4
0.3
0.1
-0.6
-0.3
0.0
0.4
0.7
0.3
-0.5
-0.9
0.1
0-0
H
D
V
H
O
L
S
WaterAmount
—7.6
04,9
.0,3
7,5
10,2
7,4
4,0
1.0
—1.1
-3.0
—5.1
-8.1
0.0
    
a.
1.0
cm/month
=
320
m3/s
b. Evaporation was the residual in the water budget calculations
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Erie to the same change in input.
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al
.
In
th
e
ca
se
of
an
in
cr
ea
se
in
lo
ad
in
g
of
a
co
ns
er
va
ti
ve
ma
te
ri
al
,
th
e
ad
ju
st
me
nt
pe
ri
od
de
pe
nd
s
on
th
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e
mi
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ng
ti
me
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ke
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pe
ri
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ou
t
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e
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ar
s
(2
8)
,
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is
te
nt
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th
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be
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ke
.
HEAT AND ENERGY BALANCE
Th
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y
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e
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ke
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ri
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e
hi
gh
es
t
of
an
y
of
th
e
Gr
ea
t
La
ke
s
(F
ig
ur
e
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is
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e
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e p
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is
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mon
to
all
of
the
Gre
at
Lak
es,
the
gre
at
dep
th
and
lar
ge
sur
fac
e
are
a
of
Lak
e
Sup
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or
act
to
pro
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g
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ver
tic
al
mix
ing
wit
h
the
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ult
tha
t
in
sum
mer
Lak
e
Sup
eri
or
has
(2)
the
sho
rte
st
per
iod
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str
ati
fic
ati
on,
(3)
the
low
est
ma
xim
um
sur
fac
e
tem
per
atu
re,
and
(4)
the
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ong
est
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ock
wis
e
cir
cul
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Mor
e
de—
tai
led
dis
cus
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ns
of
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se
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,
tog
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er
wit
h i
mpl
ica
tio
ns
for
wat
er
qua
lit
y,
are
inc
lud
ed
in
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rop
ria
te
sec
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ns
whi
ch
fol
low
.
LAKE TEMPERATURE REGIME
Tha
t w
ate
r t
emp
era
tur
e i
s t
he
mos
t i
mpo
rta
nt
env
iro
nme
nta
l v
ari
abl
e i
s
tru
e f
or
all
lak
es
inc
lud
ing
Lak
e S
upe
rio
r.
Not
onl
y a
re
the
rat
es
of
chem
ical
and
biol
ogic
al p
roce
sses
usua
lly
temp
erat
ure
depe
nden
t, b
ut a
lso
the
spat
ial
and
temp
oral
vari
atio
ns
of t
hat
prop
erty
dete
rmin
e co
rres
pond
ing
patt
erns
of c
urre
nts
and
dens
ity
stru
ctur
e, a
nd h
ence
, a
ffec
t th
e ra
te o
f
vertical mixing or of mixing between the nearshore zone and mid—lake, and
influence the flushing characteristics of regions or the lake as a whole.
Thus, water quality concerns, such as dispersion of waste heat or of mate—
rials introduced to the lake, or the growth rate and distribution of nuisance
algae, cannot be properly addressed withOut reference to thermal characteristics.
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LAKE SUPERIOR
Heat Content per Unit Area
1.
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FIGURE 5.1-1.
LAKE SUPERIOR: SEASONAL CYCLE OF HEAT CONTENT PER UNIT AREA;
BASED ON ALL AVAILABLE TEMPERATURE DATA IN CCIW FILES.
The annual heat income (the difference between maximum and minimum
heat contents) is 64,800 cal/cmz.
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surface temperature can occur.
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FIGURE
5.1 4
.
REGIONAL
CLASSIFICATION
OF
LAKE
SUPERIOR
BASED
ON
ALL
SURFACE
TEMPERATURE
OBSERVATIONS
MADE
BY
CCIW
DURING
MAY-NOVEMBER
1973.
   
   
demand (BOD) in the deep water due to a spring peak of productivity in the
surface waters. Secondly, the relative shortness of the summer stratified
period (about four months for Lake Superior versus five months for Lake Ontario)
in principle results in a lower seasonal BOD per unit area of the hypolimnion.
In addition, the BOD per unit volume would be low because of the relatively
large thickness of the hypolimnion. Thus, because of its depth and mixing
characteristics, Lake Superior has the largest capacity for stress measured in
terms of BOD; however, because of the same characteristics, measurement of any
change or trend in BOD for that lake is most difficult.
HORIZONTAL TEMPERATURE PATTERNS
The foregoing paragraphs relate to lake-wide average temperatures without
regard to nearshore—mid lake differences. As will now be outlined, such
differences are characteristic of Lake Superior, are related to local depth
and distance offshore, and suggest a regional approach for interpretation of
water quality data.
Significant features of the horizontal distribution of surface layer
temperature are summarized in Figure 5.1-4 which shows a regional classifi-
cation for the lake based on all temperature information collectedbetween
mid—May and late November, 1973 (5). The regional pattern matches well the
pattern of lake segments used for preSentation of information in this report
(Figure 5.3—1).
Differences among the seven regions shown in Figure 5.1-4 are due to
differences in the local seasonal cycle of heating and cooling of the upper
layer; in particular, the classification scheme accounts for areal variations
in the magnitude and time of maximum summer temperature.
Thus, surface temper-
ature rises relatively rapidly and attains the highest values in Region I
(Whitefish Bay), while spring warming is slow and maximum summer temperature
is relatively low in Region VI (mid-lake).
The seasonal temperature charac-
teristics
of Regions
II
to
V
grade from
those
of
Region
I to those
of
Region
VI.
Region
VII
at
the
northwest
coast
is
unique;
here,
low
temperature
is
maintained
by
coastal
upwelling,
especially
during
September
and
October.
The
available
winter
data
suggest
that
the
same
pattern
of
character-
istics
exists
then,
but
with
the
temperature
gradient
reversed;
that
is,
cold
water
lies
on
the
periphery,
particularly
along
the
south
shore,
and
warm
water
is
located
both
in
mid-lake
and
along
the
northwest
coast
(7).
The
winter
upwelling
of
relatively
warm
water
is
responsible
for
the
lack
of
fast
ice
along
the
open
part
of
the
northwest
shore
(8).
The
surface
layer
temperatures
measured
during
1973
are
given
for
all
lake
segments
in
Table
5.1-2
(as
defined
in
Figure
5.3-1).
These
data
not
only
confirm
the
regional
variability
of
seasonal
cycle
discussed
above,
but
also
indicate
cross
lake
differences.
Variation
in
the
depth
of
water
among
segments
is
the
prime
reason
for
these
differences.
For
example,
in
the
shallow
segments
7,
8,
and
9
the
temperature
response
to
heating
and
cooling
is
rapid,
so
the
seasonal
cycle
there
appears
to
lead
that
of
the
lake
as
a
258
 TABLE 5.1-2
AREA WEIGHTED MEAN TEMPERATURE (°C) OF THE UPPER 10 M
OBSERVED ON SIX SURVEYS OF LAKE SUPERIOR DURING 1973a
   
Lake May 12- June 15— Jul 27- Sep 6— Oct 14— Nov 20-
Segment May 22 June 27 Aug 7 Sep 16 Oct 25 Nov 28
1 2.94 8.69 15.04 12415_ 13.65 Z492
2 2.22 4.71 12.58 16.42 12.03 7.19
3 2.12 3.56 10.43 12.71 10.08 5.36
4 gijgg 3.32 9.86 11.17 8.19 5.07
5 2.04 3419 11.25 2.35 6419 4.41
6 2.29 3.67 13.03 10.53 7.25 52331
7 3.79 7.71 13.58 15.00 7.66 4.31
8 3.91 7.99 14.31 13.88 8.12 4.58
9 4:31 QLQZ 10.26 15.90 9.76 4.91
10 2.54 4.03 9.50 15.02 8.92 5.31
11 2.80 6.46 14.50 16.65 11.36 6.44
12 2.40 4.20 12.87 14.46 9.35 5.83
13 2.22 3.25 1.86 13.03 8.63 5.37
14 2.53 4.24 10.61 12.32 7.75 4.49
Thunder Bay 2.81 8.44 9.51 13.32 8.04 4.69
Average for 2.47 4.31 10.10 13.43 8.90 5.32
all segments
 
a- Underlined values are the minimum and maximum mean values observed at that date.
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t
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t
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e
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r
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e
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h
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d
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an
d
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sp
or
t
of
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e
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l
co
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se
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at
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n
of
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e
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ke
.
Th
es
e
pr
oc
es
se
s
ar
e
di
sc
us
se
d
below.
Be
ca
us
e
of
th
e
pr
ev
io
us
ly
me
nt
io
ne
d
wi
de
ye
ar
-t
o-
ye
ar
va
ri
at
io
ns
,
th
e
te
mp
er
at
ur
e
da
ta
pr
es
en
te
d
in
Ta
bl
e
5.
1—
2
ar
e
no
t
ba
se
li
ne
in
fo
rm
at
io
n,
th
at
is
,
th
es
e
da
ta
sh
ou
ld
no
tb
e
us
ed
as
th
e
ba
si
s
fo
r
de
te
rm
in
in
g
"t
he
rm
al
de
gr
a—
dation".
LAKE CIRCULATION
A
sc
he
ma
ti
c
re
pr
es
en
ta
ti
on
of
su
rf
ac
e
la
ye
r
wa
te
r
mo
ve
me
nt
in
su
mm
er
is
pr
es
en
te
d
in
Fi
gu
re
5.
1—
5
(5
).
Th
e
ge
ne
ra
l
co
un
te
rc
lo
ck
wi
se
ci
rc
ul
at
io
n
is
ty
pi
ca
l
of
no
rt
he
rn
he
mi
sp
he
re
la
ke
s
(9
)
bu
t
is
es
pe
ci
al
ly
we
ll
-d
ef
in
ed
in
La
ke
Su
pe
ri
or
(1
0)
.
Th
e
in
fl
ue
nc
e
of
th
e
re
la
ti
ve
ly
la
rg
e
ar
ea
an
d
de
pt
h
of
th
e
la
ke
an
d
th
e
in
te
rr
el
at
io
ns
hi
p
of
th
er
ma
l
st
ru
ct
ur
e
an
d
fl
ow
co
mb
in
e
to
allow the persistent circulation.
Th
e
sa
me
pa
tt
er
n
te
nd
s
to
oc
cu
r
in
wi
nt
er
an
d
fo
r
th
e
sa
me
re
as
on
s.
In
Ma
y
an
d
Ju
ne
,
du
ri
ng
th
e
sp
ri
ng
pe
ri
od
of
co
nv
ec
ti
ve
mi
xi
ng
,
fl
ow
ca
n
be
in
th
e
op
po
si
te
di
re
ct
io
n
al
on
g
th
e
no
rt
he
rn
an
d
ea
st
er
n
sh
or
es
.
Th
er
e
is
no
information on flow during the fall overturn period.
RE
LA
TI
ON
SH
IP
WI
TH
TE
MP
ER
AT
UR
E
ST
RU
CT
UR
E
AN
D
WI
ND
Ex
am
pl
es
wh
ic
h
il
lu
st
ra
te
th
e
re
la
ti
on
sh
ip
be
tw
ee
n
te
mp
er
at
ur
e
an
d
th
e
hor
izo
nta
l
dis
tri
but
ion
of
flo
w
in
Lak
e
Sup
eri
or
inc
lud
e
the
the
rma
l b
ar
phe
nom
eno
n
(11
) a
nd
the
Kew
een
aw
Cur
ren
t
(12
).
The
se,
in
tur
n,
are
exa
mpl
es
of
the
gen
era
l t
end
enc
y f
or
so—
cal
led
"ge
ost
rop
hic
" a
dju
stm
ent
for
whi
ch
an
obs
erv
er,
loo
kin
g i
n t
he
dir
ect
ion
of
flo
w,
wou
ld
fin
d t
he
lea
st
den
se
wat
er
(wa
rme
st
in
sum
mer
, c
old
est
in
win
ter
) o
n t
he
rig
ht
han
d s
ide
of
a c
urr
ent
.
The
re
is
no
cau
se-
eff
ect
rel
ati
ons
hip
bet
wee
n f
low
and
den
sit
y d
iff
ere
nce
s
und
erl
yin
g g
eos
tro
phi
c a
dju
stm
ent
; t
hus
it
occ
urs
if
the
wat
er
is
fir
st
set
in
mot
ion
bec
aus
e o
f,
say,
act
ion
of
win
d o
n t
he
lak
e s
urf
ace
, o
r i
f t
he
den
sit
y
dif
fer
enc
es
are
cre
ate
d f
irs
t,
suc
h a
s i
n t
he
reg
ion
sho
rew
ard
of
the
the
rma
l
bar (13).
The
reg
ion
al
cla
ssi
fic
ati
on
of
sur
fac
e l
aye
r t
emp
era
tur
e s
how
n i
n F
igu
re
5.1-
4 al
so d
emon
stra
tes
the
net
effe
cts
of b
oth
wind
and
diff
eren
tial
heat
ing
on f
low
in t
he s
urfa
ce l
ayer
.
The
regi
onal
patt
ern
show
s th
at t
he m
ain
char
-
acteristics of Lake Superior circulation are first, shore—parallel flow in a
coun
terc
lock
wise
dire
ctio
n, a
nd s
econ
d,
coas
tal
upwe
llin
g al
ong
the
nort
hwes
t
shor
e.
A s
econ
dary
char
acte
rist
ic
illu
stra
ted
by
the
numb
er a
nd w
idth
of
the
regions in Figure 5.1-4 is that currents are stronger along the south shore
than elsewhere in the lake, and are maximal adjacent to the north side of the
Keweenaw Peninsula (Keweenaw Current).
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e
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e
l
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k
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r
f
a
c
e
t
o
b
e
t
i
l
t
e
d
g
e
n
e
r
a
l
l
y
u
p
w
a
r
d
t
o
w
a
r
d
t
h
e
s
o
u
t
h
e
a
s
t
,
r
e
q
u
i
r
i
n
g
i
n
t
e
r
n
a
l
a
d
j
u
s
t
m
e
n
t
o
f
t
h
e
d
e
n
s
i
t
y
s
t
r
u
c
t
u
r
e
s
u
c
h
t
h
a
t
t
h
e
l
e
a
s
t
d
e
n
s
e
w
a
t
e
r
t
e
n
d
s
t
o
b
e
d
o
w
n
w
i
n
d
.
T
h
e
r
e
f
o
r
e
,
i
n
s
u
m
m
e
r
,
t
h
e
w
a
r
m
e
s
t
w
a
t
e
r
s
h
o
u
l
d
b
e
i
n
t
h
e
s
o
u
t
h
e
a
s
t
,
w
h
i
l
e
i
n
w
i
n
t
e
r
t
h
e
c
o
l
d
e
s
t
w
a
t
e
r
s
h
o
u
l
d
b
e
t
h
e
r
e
.
B
u
t
t
h
e
s
e
a
s
o
n
a
l
c
y
c
l
e
o
f
h
e
a
t
i
n
g
a
n
d
c
o
o
l
i
n
g
i
n
t
h
e
s
h
a
l
l
o
w
r
e
g
i
o
n
s
a
l
o
n
g
t
h
e
s
o
u
t
h
s
h
o
r
e
p
r
e
c
e
d
e
s
t
h
a
t
o
f
t
h
e
l
a
k
e
a
s
a
w
h
o
l
e
,
a
n
d
c
o
n
s
e
q
u
e
n
t
l
y
,
t
h
e
a
d
j
u
s
t
m
e
n
t
i
s
m
a
d
e
t
h
r
o
u
g
h
e
a
s
t
e
r
l
y
m
o
v
e
m
e
n
t
o
f
l
o
w
d
e
n
s
i
t
y
w
a
t
e
r
a
l
o
n
g
t
h
e
s
o
u
t
h
s
h
o
r
e
.
I
n
e
f
f
e
c
t
,
t
h
e
n
e
t
t
r
a
n
s
p
o
r
t
o
f
w
a
t
e
r
i
n
t
h
e
l
a
k
e
i
s
r
e
s
t
r
i
c
t
e
d
a
s
a
r
e
s
u
l
t
o
f
t
h
e
c
o
m
b
i
n
e
d
i
n
f
l
u
e
n
c
e
s
o
f
t
h
e
p
r
e
v
a
i
l
i
n
g
w
i
n
d
s
t
r
e
s
s
a
n
d
o
f
t
h
e
s
e
a
s
o
n
a
l
c
y
c
l
e
o
f
t
e
m
p
e
r
a
t
u
r
e
.
w
a
t
e
r
p
a
r
c
e
l
s
i
n
t
h
e
u
p
p
e
r
l
a
y
e
r
s
n
e
a
r
t
h
e
c
o
a
s
t
t
e
n
d
t
o
m
o
v
e
o
n
c
e
y
e
a
r
l
y
a
r
o
u
n
d
t
h
e
l
a
k
e
,
w
i
t
h
a
m
e
a
n
s
p
e
e
d
o
f
a
b
o
u
t
5
c
m
/
s
.
S
t
o
r
m
s
o
r
e
v
e
n
t
h
e
u
s
u
a
l
p
a
s
s
a
g
e
o
f
w
e
a
t
h
e
r
s
y
s
t
e
m
s
c
a
n
c
a
u
s
e
t
e
m
p
o
r
a
r
y
m
o
d
i
f
i
c
a
t
i
o
n
s
o
f
b
o
t
h
t
h
e
c
u
r
r
e
n
t
p
a
t
t
e
r
n
s
a
n
d
t
e
m
p
e
r
a
t
u
r
e
s
t
r
u
c
t
u
r
e
,
b
u
t
s
u
c
h
d
i
s
t
u
r
b
a
n
c
e
s
m
u
s
t
b
e
f
o
l
l
o
w
e
d
b
y
a
r
e
t
u
r
n
t
o
t
h
e
n
o
r
m
a
l
c
o
n
d
i
t
i
o
n
.
UPWELLING
U
p
w
e
l
l
i
n
g
i
s
t
h
e
n
a
m
e
g
i
v
e
n
t
o
t
h
e
p
r
o
c
e
s
s
b
y
w
h
i
c
h
s
u
b
s
u
r
f
a
c
e
w
a
t
e
r
i
s
b
r
o
u
g
h
t
t
o
t
h
e
s
u
r
f
a
c
e
o
f
a
l
a
k
e
i
n
o
r
d
e
r
t
o
r
e
p
l
a
c
e
s
u
r
f
a
c
e
w
a
t
e
r
t
h
a
t
h
a
s
b
e
e
n
f
o
r
c
e
d
t
o
m
o
v
e
l
a
t
e
r
a
l
l
y
.
I
n
p
r
e
c
e
d
i
n
g
s
e
c
t
i
o
n
s
o
f
t
h
i
s
r
e
p
o
r
t
,
u
p
w
e
l
l
i
n
g
h
a
s
a
l
r
e
a
d
y
b
e
e
n
i
d
e
n
t
i
f
i
e
d
a
s
o
n
e
o
f
t
h
e
p
h
y
s
i
c
a
l
p
r
o
c
e
s
s
e
s
c
h
a
r
a
c
t
e
r
i
s
t
i
c
o
f
t
h
e
c
i
r
c
u
l
a
t
i
o
n
p
a
t
t
e
r
n
s
o
f
L
a
k
e
S
u
p
e
r
i
o
r
.
M
o
s
t
s
t
u
d
i
e
s
a
n
d
d
i
s
c
u
s
s
i
o
n
s
c
o
n
c
e
r
n
c
o
a
s
t
a
l
u
p
w
e
l
l
i
n
g
(
1
4
,
1
5
)
,
w
h
i
c
h
o
c
c
u
r
s
w
h
e
n
w
i
n
d
a
c
t
s
t
o
t
r
a
n
s
p
o
r
t
s
u
r
f
a
c
e
w
a
t
e
r
s
a
w
a
y
f
r
o
m
t
h
e
c
o
a
s
t
.
U
p
w
e
l
l
i
n
g
c
a
n
a
l
s
o
o
c
c
u
r
i
n
m
i
d
-
l
a
k
e
i
n
o
r
d
e
r
t
o
c
o
m
p
e
n
s
a
t
e
f
o
r
e
i
t
h
e
r
a
d
i
v
e
r
g
e
n
c
e
i
n
t
h
e
w
i
n
d
-
i
n
d
u
c
e
d
t
r
a
n
s
p
o
r
t
o
f
s
u
r
f
a
c
e
w
a
t
e
r
(
1
6
)
,
o
r
a
g
e
n
e
r
a
l
s
h
o
r
e
w
a
r
d
d
r
i
f
t
o
f
s
u
r
f
a
c
e
w
a
t
e
r
t
h
a
t
i
s
a
s
s
o
c
i
a
t
e
d
w
i
t
h
a
n
t
i
c
l
o
c
k
w
i
s
e
f
l
o
w
(5
).
C
o
a
s
t
a
l
u
p
w
e
l
l
i
n
g
o
c
c
u
r
s
a
l
o
n
g
t
h
e
u
p
w
i
n
d
s
h
o
r
e
s
o
f
t
h
e
l
a
k
e
;
s
i
n
c
e
w
e
s
t
e
r
l
y
w
i
n
d
s
p
r
e
v
a
i
l
o
v
e
r
L
a
k
e
S
u
p
e
r
i
o
r
,
t
h
e
n
o
r
t
h
w
e
s
t
s
h
o
r
e
is
t
h
e
l
o
c
a
l
e
of
c
o
n
t
i
n
u
a
l
u
p
w
e
l
l
i
n
g
e
p
i
s
o
d
e
s
.
C
o
n
s
e
q
u
e
n
t
l
y
,
s
u
r
f
a
c
e
t
e
m
p
e
r
a
t
u
r
e
s
d
u
r
i
n
g
s
um
m
e
r
a
r
e
c
h
a
r
a
c
t
e
r
i
s
t
i
c
a
l
l
y
l
o
w
t
h
e
r
e
(F
ig
ur
e
5.
1-
4)
,
W
h
i
l
e
in
W
i
n
t
e
r
th
e
f
o
r
m
a
t
i
o
n
of
fa
st
ic
e
is
in
hi
bi
te
d.
S
i
m
i
l
a
r
e
f
f
e
c
t
s
ar
e
o
b
s
e
r
ve
d
a
l
o
n
g
th
e
s
o
ut
h
e
a
s
t
s
h
o
r
e
of
Is
le
Ro
ya
le
.
Th
e
si
gn
at
ur
e
of
mi
d—
la
ke
up
we
ll
in
g
is
cl
ea
rl
y
in
di
ca
te
d
in
Fi
gu
re
5.
1—
6
wh
ic
h
sh
ow
s
th
e
te
mp
er
at
ur
e
an
d
ni
tr
at
e—
ni
tr
it
e
di
st
ri
bu
ti
on
in
su
mm
er
in
a
tr
an
se
ct
ex
te
nd
in
g
fr
om
th
e
so
ut
h
sh
or
e
pa
st
th
e
mi
dd
le
of
th
e
ea
st
er
n
ba
si
n.
No
t
on
ly
ar
e
th
e
is
op
le
th
s
of
bo
th
te
mp
er
at
ur
e
an
d
ni
tr
at
e-
ni
tr
it
e
do
me
d,
bu
t
al
so
,
ty
pi
ca
l
of
th
e
pr
oc
es
s,
th
e
ef
fe
ct
is
mu
ch
mo
re
pr
on
ou
nc
ed
fo
r
th
e
nu
tr
ie
nt
th
an
fo
r
te
mp
er
at
ur
e.
Ra
pi
d
he
at
in
g
of
th
e
co
ol
,
ne
wl
y
up
we
ll
ed
wa
te
r
ac
co
un
ts
fo
r
th
e
di
ff
er
en
ce
,
an
d
ma
ke
s
th
e
up
we
ll
in
g
pr
oc
es
s
ir
re
ve
rs
ib
le
.
In
wi
nt
er
a
si
mi
la
r
si
tu
at
io
n
ex
is
ts
,
bu
t
wi
th
th
e
te
mp
er
at
ur
e
gr
ad
ie
nt
s
re
ve
rs
ed
;
th
en
ra
pi
d
he
at
—l
os
s
fr
om
th
e
wa
rm
mi
d-
la
ke
re
gi
on
he
lp
s
to
ma
in
ta
in
up
we
ll
in
g,
an
d
to
ke
ep
th
e
ce
nt
ra
l
ar
ea
ic
e
fr
ee
.
Ir
re
ve
rs
ib
il
it
y,
be
ca
us
e
of
th
er
ma
l
ef
fe
ct
s,
al
so
ch
ar
ac
te
ri
ze
s
co
as
ta
l
up
we
ll
in
g.
Th
us
,
in
ge
ne
ra
l,
up
we
ll
in
g
se
rv
es
to
en
ha
nc
e
th
e
ex
ch
an
ge
of
he
at
ac
ro
ss
th
e
la
ke
su
rf
ac
e,
al
lo
wi
ng
re
la
ti
ve
ly
mo
re
he
at
to
en
te
r
th
e
wa
te
r
262
 km OFFSHORE
D
E
P
T
H
(
m
e
t
r
e
s
)
  
FIGURE 5.1-6.
LAKE SUPERIOR: MID-LAKE UPWELLING INDICATED BY HE
DIFFERENCE BETWEEN DISTRIBUTIONS 0F TEMPERATURE UPPER)
AND NITRATE- NITRITE (LOWER). A vertical section which extends
100 km from the south shore to the middle of the eastern basin.
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d
u
r
i
n
g
t
h
e
s
u
m
m
e
r
s
e
a
s
o
n
,
a
n
d
m
o
r
e
t
o
e
s
c
a
p
e
d
u
r
i
n
g
w
i
n
t
e
r
,
t
h
a
n
i
f
n
o
u
p
w
e
l
l
i
n
g
o
c
c
u
r
r
e
d
.
M
o
r
e
o
v
e
r
,
n
e
w
s
u
r
f
a
c
e
w
a
t
e
r
c
r
e
a
t
e
d
b
y
u
p
w
e
l
l
i
n
g
c
a
n
b
e
r
i
c
h
e
r
i
n
n
u
t
r
i
e
n
t
s
a
n
d
o
t
h
e
r
r
e
q
u
i
r
e
d
g
r
o
w
t
h
s
u
b
s
t
a
n
c
e
s
t
h
a
n
t
h
e
o
l
d
e
r
"
s
p
e
n
t
"
s
u
r
f
a
c
e
w
a
t
e
r
,
a
n
d
h
e
n
c
e
,
t
h
e
p
r
o
c
e
s
s
t
e
n
d
s
t
o
m
a
x
i
m
i
z
e
b
i
o
l
o
g
i
c
a
l
p
r
o
d
u
c
t
i
o
n
.
A
t
t
h
i
s
t
i
m
e
,
h
o
w
e
v
e
r
,
t
h
e
r
e
i
s
n
o
w
a
y
t
o
q
u
a
n
t
i
f
y
t
h
e
d
e
g
r
e
e
t
o
w
h
i
c
h
u
p
w
e
l
l
i
n
g
a
f
f
e
c
t
s
e
i
t
h
e
r
h
e
a
t
c
o
n
t
e
n
t
o
r
b
i
o
l
o
g
i
c
a
l
a
c
t
i
v
i
t
y
in
L
a
k
e
S
u
p
e
r
i
o
r
.
TR
AN
SB
OU
ND
AR
Y
MO
VE
ME
NT
S
T
h
e
p
e
r
s
i
s
t
e
n
c
e
o
f
c
o
u
n
t
e
r
c
l
o
c
k
w
i
s
e
c
i
r
c
u
l
a
t
i
o
n
o
f
s
u
r
f
a
c
e
w
a
t
e
r
s
h
a
s
b
e
e
n
d
o
c
u
m
e
n
t
e
d
i
n
f
o
r
e
g
o
i
n
g
s
e
c
t
i
o
n
s
o
f
t
h
i
s
r
e
p
o
r
t
.
H
a
r
r
i
n
g
t
o
n
(l
6)
d
e
d
u
c
e
d
t
h
e
s
a
m
e
f
l
o
w
p
a
t
t
e
r
n
f
r
o
m
t
h
e
d
r
i
f
t
o
f
b
o
t
t
l
e
s
a
n
d
o
i
l
b
a
r
r
e
l
s
.
I
n
p
r
i
n
c
i
p
l
e
,
a
n
y
p
h
y
s
i
c
a
l
,
c
h
e
m
i
c
a
l
,
o
r
b
i
o
l
o
g
i
c
a
l
p
r
o
p
e
r
t
y
o
f
t
h
e
w
a
t
e
r
m
u
s
t
b
e
a
f
f
e
c
t
e
d
b
y
t
h
e
g
e
n
e
r
a
l
c
i
r
c
u
l
a
t
i
o
n
.
O
n
t
h
e
a
v
e
r
a
g
e
,
t
h
e
r
e
f
o
r
e
,
t
h
e
r
e
i
s
p
o
t
e
n
t
i
a
l
f
o
r
t
r
a
n
s
—
b
o
u
n
d
a
r
y
m
o
v
e
m
e
n
t
of
m
a
t
e
r
i
a
l
s
f
r
o
m
U.
S.
to
C
a
n
a
d
i
a
n
s
u
r
f
a
c
e
w
a
t
e
r
s
at
t
h
e
e
n
t
r
a
n
c
e
t
o
,
a
n
d
n
o
r
t
h
w
e
s
t
o
f
,
W
h
i
t
e
f
i
s
h
B
a
y
,
a
n
d
f
r
o
m
C
a
n
a
d
i
a
n
t
o
U
.
S
.
w
a
t
e
r
s
n
e
a
r
T
h
u
n
d
e
r
B
a
y
.
D
r
i
f
t
i
n
m
i
d
-
l
a
k
e
r
e
g
i
o
n
s
i
s
v
a
r
i
a
b
l
e
.
T
h
e
n
a
t
u
r
e
o
f
d
e
e
p
f
l
o
w,
a
n
d
h
e
n
c
e
,
d
e
e
p
t
r
a
n
s
p
o
r
t
of
m
a
t
e
r
i
a
l
s
,
h
a
s
n
o
t
b
e
e
n
d
o
c
u
m
e
n
t
e
d
.
WATER TRANSPARENCY
T
u
r
b
i
d
i
t
y
a
n
d
l
i
g
h
t
t
r
a
n
s
m
i
s
s
i
o
n
m
e
a
s
u
r
e
m
e
n
t
s
h
a
v
e
b
e
e
n
u
s
e
d
a
s
i
n
d
i
c
a
t
o
r
s
of
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
of
s
u
s
p
e
n
d
e
d
s
o
l
i
d
s
in
L
a
k
e
S
u
p
e
r
i
o
r
.
S
u
c
h
m
e
a
S
u
r
e
m
e
n
t
s
d
e
t
e
r
m
i
n
e
th
e
c
o
n
c
e
n
t
r
a
t
i
o
n
of
al
l
of
th
e
s
us
p
e
n
d
e
d
m
a
t
e
r
i
a
l
,
b
o
t
h
o
r
g
a
n
i
c
an
d
i
n
o
r
g
a
n
i
c
fr
ac
ti
on
s.
Th
e
p
r
o
b
l
e
m
b
e
i
n
g
a
d
d
r
e
s
s
e
d
is
d
e
g
r
a
d
a
t
i
o
n
r
e
s
u
l
t
i
n
g
p
r
i
—
m
a
r
i
l
y
f
r
o
m
s
u
b
s
t
a
n
c
e
s
a
t
t
r
i
b
u
t
a
b
l
e
to
m
un
i
c
i
p
a
l
,
in
du
st
ri
al
,
or
o
t
h
e
r
d
i
s
c
h
a
r
g
e
s
r
e
l
a
t
i
n
g
to
h
u
m
a
n
a
c
t
i
v
i
t
y
w
h
i
c
h
m
a
y
be
d
e
t
e
c
t
e
d
as
s
i
g
n
i
f
i
c
a
n
t
c
h
a
n
g
e
s
in
t
h
e
s
e
parameters.
In
19
73
,
th
e
tu
rb
id
it
y
an
d
pe
rc
en
t
tr
an
sm
is
si
on
we
re
me
as
ur
ed
on
si
x
CC
IW
mo
ni
to
r
cr
ui
se
s
at
mo
re
th
an
10
0
st
at
io
ns
pe
r
cr
ui
se
.
Th
e
tu
rb
id
it
y
wa
s
sa
mp
le
d
fr
om
th
e
su
rf
ac
e
to
th
e
bo
tt
om
,
wh
er
ea
s
th
e
tr
an
sm
is
si
on
me
as
ur
em
en
ts
we
re
re
st
ri
ct
ed
to
th
e
up
pe
r
te
n
me
tr
es
fo
r
mo
st
cr
ui
se
s.
Fo
r
th
e
pu
rp
os
e
of
da
ta
an
al
ys
is
,
th
e
la
ke
wa
s
di
vi
de
d
in
to
fo
ur
te
en
zo
ne
s
(F
ig
ur
e
5.
3—
1)
.
An
ar
ea
an
d
vo
lu
me
we
ig
ht
ed
av
er
ag
e
fo
r
th
e
wh
ol
e
co
lu
mn
,
su
rf
ac
e
to
bo
tt
om
,
wa
s
ca
lc
ul
at
ed
fo
r
ea
ch
zo
ne
an
d
fo
r
th
e
wh
ol
e
la
ke
.
Th
e
tr
an
sm
is
si
on
pe
rc
en
ta
ge
s
we
re
av
er
ag
ed
fo
r
th
e
to
p
te
n
me
tr
es
on
ly
.
TURBIDITY
Th
e
av
er
ag
e
tu
rb
id
it
y
in
19
73
fo
r
th
e
to
p
te
n
me
tr
es
an
d
th
e
vo
lu
me
—
we
ig
ht
ed
tu
rb
id
it
y
fo
r
th
e
wh
ol
e
wa
te
r
co
lu
mn
fo
r
ea
ch
zo
ne
an
d
ea
ch
cr
ui
se
ar
e
giv
en
in
Tab
le
5.1
r3.
The
vol
ume
-we
igh
ted
tra
nsm
iss
ome
ter
rea
din
gs
for
the
top
ten metres are given in Table 5.1—4.
Fin
din
gs
ind
ica
te
tha
t w
ate
r t
ran
spa
ren
cy
in
Lak
e S
upe
rio
r i
s h
igh
rel
ati
ve
to
the
Low
er
Gre
at
Lak
es
and
com
par
abl
e t
o b
ut
sli
ght
ly
les
s t
han
Lak
e H
uro
n.
Resu
lts
are
in a
gree
ment
with
earl
ier
stud
ies
of a
more
limi
ted
natu
re
(18)
.
Are
as
of
red
uce
d
tra
nsp
are
ncy
do
exi
st
and
, a
t p
res
ent
, a
re
lar
gel
y c
onf
ine
d t
o
are
as
nea
r
poi
nt
sou
rce
dis
cha
rge
s,
tri
but
ary
inf
low
s,
and
to
res
tri
cte
d
emb
ay—
men
ts.
Wat
er
cla
rit
y v
ari
es
spa
tia
lly
as
adj
ace
nt
are
as
are
aff
ect
ed
by
the
tra
nsp
ort
of
ext
ran
eou
s m
ate
ria
l.
Tem
por
al
cyc
les
in
wat
er
tra
nsp
are
ncy
are
observed.
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 TABLE 5.1—3
TUR
BID
ITY
LEV
ELS
IN
LAKE
SUP
ERI
OR
BY
CRU
ISE
AND
ZON
E F
OR
197
3a
       
CRUISE DATES
JULY 27—
ZONE
MAY
12—2
2
JUNE
16—2
7
AUG.
7
SEPT
.6—1
6
OCT.
14-2
5 N
0v.1
4—28
1 0.34 0.34 0.34 0.35 0.29 0.33 0.30 0.32 0.23 0.24 0.55 .60
5 0.09 8 0.12 8 0.08 8 0.08 6 0.04 5 .18
2 0.23 0.23 0.25 0.23 0.22 0.34 0.18 0.22 0.24 0.21 0.32 .37
7 .06 8 0.06 8 0.03 8 0.05 7 0.07 7 .06
3 0.34 0.28 0.28 0.29 0.34 0.35 0.26 0.30 0.25 0.24 0.33 .38
7 0.13 12 0.05 12 0.15 12 0.21 8 0.06 9 .06
4
0.22
0.25
0.22
0.23
0.31
0.33
0.34
0.26
0.35
0.40
0.35
.30
7 0.03 8 0.05 9 0.09 9 0.16 8 0.05 8 .17
5
0.27
0.31
0.27
0.33
0.33
0.50
0.21
0.24
0.33
0.33
0.27
.27
6 0.05 6 0.04 6 0.12 6 0.01 6 0.04 6 .06
6
0.54
0.56
0.69
0.67
0.97
1.1
0.33
0.35
0.59
0.85
0.76
.53
6
0.08
6
0.33
6
1.3
6
0.08
5
0.11
6
.37
7
2.4
2.0
3.6
2.0
0.69
0.99
1.2
0.97
3.0
1.4
7.2
.2
6
2.2
7
1.4
7
0.24
11
0.17
4
2.1
5
.2
8
0.6
5
0.5
5
0.4
5
0.7
0
0.5
4
0.6
5
0.4
7
0.5
6
0.8
6
0.6
7
0.7
2
.60
7
0.43
11
0.12
10
0.41
11
0.17
4
0.77
8
.76
9
4.3
1.6
0.56
0.50
0.35
0.36
0.43
0.33
0.59
0.53
0.52
.41
6
5.7
7
0.26
8
0.07
7
0.13
8
0.71
5
.17
10
0.22
0.23
0.29
0.27
0.29
0.34
0.22
0.20
0.33
0.31
0.46
.39
8 0.04 8 0.05 8 0.08 8 0.05 8 0.11 8 .09
11 0.31 0.30 0.28 0.27 0.23 0.29 0.20 0.26 0.29 0.31 0.36 .39
14 0.06 19 0.07 19 0.04 19 0.04 10 0.08 14 .09
12
0.25
0.30
0.25
0.27
0.20
0.25
0.18
0.27
0.25
0.28
0.34
.35
4
0.06
5
0.04
5
0.02
5
0.05
4
0.04
5
.05
13
0.21
0.24
0.2
4
0.27
0.26
0.31
0.20
0.26
0.24
0.27
0.32
.35
20
0.04
22
0.06
22
0.07
23
0.04
20
0.04
21
.07
14
0.2
6
0.3
2
0.2
4
0.3
1
0.2
8
0.4
4
0.2
2
0.2
3
0.3
1
0.3
5
0.2
8
.31
11
0.0
7
12
0.0
6
12
0.0
9
12
0.0
5
11
0.0
6
11
.08
Thun
der
0.42
0.34
0.42
0.35
0.54
0.48
0.43
0.41
0.53
0.61
0.83
.78
Bay
3
0.0
7
3
0.0
5
3
0.1
3
3
0.1
2
3
0.0
6
3
.33
WHOLE 0.62 0.29 0.48 0.30 0.35 0.36 0.31 0.26 0.44 0.31 0.70 .36
LAKE 117 1.60 142 0.78 143 0.33 144 0.42 109 0.64 120 2.17
 
a. The figures signify the following:
no.
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epilimnion value
of stations
in epilimnion
whole column value
standard deviation
for epilimnion
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.
0
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.
7
7
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.5
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.0
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.9
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.2
20
.4
2
0
.
8
8
4
8
.
9
53
.5
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.0
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.6
45
.8
4
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.
0
9
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.7
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.0
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62
.7
63
.0
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.7
60
.1
63
.9
12
70
.5
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.2
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.3
68
.3
66
.5
64
.1
13
65
.8
72
.7
61
.9
63
.2
67
.2
62
.6
14
66
.5
66
.8
60
.0
57
.3
57
.0
67
.4
Th
un
de
r
68
.0
42
.4
41
.4
45
.6
44
.1
32
.6
Bay
WH
OL
E
64
.1
60
.7
59
.5
61
.3
61
.2
62
.1
LAKE
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 The highest turbidity values are found at the very western end near Duluth
(zone 7). The other zones at that end of the lake (6, 8, and 9) have also higher
turbidities than the main body of the lake (zone 13), but the turbidity levels
decline quite rapidly away from zone 7. Whitefish Bay and the area along the
northeast shore have levels that are only slightly higher than that of the largest
mid—lake zone, 13.
The high turbidity values in the Duluth area are due to suspended red clay
from bank erosion and stream outflow, and resuspension from the lake bottom (17),
although this zone also has the highest chlorophyll a levels (22), indicating
the presence of considerable amounts of particulate organic matter.
The contribution to lake turbidity in this zone has been estimated by Sydor
(17) to be about 55% due to shore erosion, 37% due to resuspension and 8% due
to stream runoff. The total amount of red clay material originating from this
regio
n is
about
400,0
00 to
600,0
00 t/
a, a
lthou
gh ot
her
estim
ates
run t
o as
much
as 2
,000
,000
t/a.
Sydo
r al
so e
stim
ates
that
abou
t 10
t/d
"lea
ves
the
west
ern
Lake
Supe
rior
bydi
sper
sion
, pa
rtia
lly
sett
ling
Out
in t
he r
emai
nder
of t
he l
ake,
diss
olvi
ng,
and
gene
rall
y in
crea
sing
the
back
grou
nd o
f th
e en
tire
lake
" (
23).
Sydo
r es
tima
ted
(23)
from
ERTS
imag
ery
of a
larg
e la
ke p
lume
attr
ibut
able
dire
ctly
to s
hore
eros
ion,
take
n on
Sept
embe
r 30
, 19
73,
that
the
susp
ende
d
mate
rial
with
in
3 to
6 km
of t
he s
outh
ern
shor
e ne
ar D
ulut
h ra
nges
from
4 to
more
than 14 mg/R, whereas further out the level is between 1 and 4 mg/R.
The higher levels in Thunder Bay are probably caused by runoff from rivers
flowi
ng i
nto
the b
ay an
d by
suspe
nded
mater
ial
from
the c
ity
toget
her w
ith
algal
grow
th.
The
turb
idit
y in
zone
1, W
hite
fish
Bay,
and
zone
3, a
long
the
nort
h—
east
shor
e,
is l
ikel
y ca
used
by r
esus
pens
ion
of s
edim
ents
as w
ell
as a
lgal
growth.
MEAN VERTICAL EXTINCTION COEFFICIENT
The
rela
tive
clar
ity
of w
ater
was
also
asse
ssed
usin
g a
coef
fici
ent
of l
ight
exti
ncti
on c
alle
d th
e me
an v
erti
cal
exti
ncti
on c
oeff
icie
nt
(MVE
C)
(19)
whic
h is
a f
unc
tio
n o
f t
he
con
cen
tra
tio
n o
f o
rga
nic
dis
sol
ved
mat
eri
als
and
org
ani
c a
nd
inor
gani
c pa
rtic
ulat
es f
ound
with
in t
he w
ater
body
. A
n in
crea
se i
n th
ese
mate
r-
ial
s
res
ult
s
in
an
inc
rea
se
in
MVE
C
and
,
hen
ce,
a d
ecr
eas
e
in
wat
er
tra
nsp
are
ncy
.
Thi
s c
oef
fic
ien
t i
s r
ela
ted
to
oth
er
opt
ica
l p
ara
met
ers
suc
h a
s S
ecc
hi
dep
th
and
tra
nsm
iss
ion
(19
).
A
sum
mar
y
of
MVE
C
is
giv
en
in
Tab
le
5.1
—5
for
eac
h
cr
ui
se
an
d
zo
ne
(as
de
fi
ne
d
in
Fi
gu
re
5.
3—
1)
,
fo
r
th
e
op
ti
ca
l
wa
ve
le
ng
th
in
te
r-
va
l
40
0-
50
0
nm
——
wa
ve
le
ng
th
s
at
wh
ic
h
li
gh
t
is
st
ro
ng
ly
ab
so
rb
ed
by
ch
lo
ro
—
ph
yl
l.
Pu
re
wa
te
r
li
gh
t
ex
ti
nc
ti
on
ra
ng
es
fr
om
0.
02
to
0.
04
m‘
1
in
th
e
sp
ec
tr
al
ran
ge
400
—50
0 n
m
(20
).
In
Lak
e
Sup
eri
or,
cru
ise
val
ues
ran
ge
fro
m
0.0
6
m-1
in
th
e
mo
st
tr
an
sp
ar
en
t
mi
d—
la
ke
ar
ea
s,
to
hi
gh
er
va
lu
es
in
Du
lu
th
Ar
m,
Th
un
de
r
Ba
y,
an
d
th
e
so
ut
hw
es
t
po
rt
io
ns
of
th
e
la
ke
to
a
ma
xi
mu
m
of
2.
27
111
'1
in
di
ca
ti
ng
a
br
oa
d
ra
ng
e
of
ph
ot
ic
co
nd
it
io
ns
.
Zo
na
l—
av
er
ag
ed
MV
EC
ar
e
co
nv
er
te
d
to
me
an
po
te
nt
ia
l
ph
ot
ic
de
pt
h
(M
PP
D)
de
fi
ni
ng
th
e
de
pt
h
at
wh
ic
h
on
e
pe
rc
en
t
of
th
e
Su
rf
ac
e
ir
ra
di
an
ce
wo
ul
d
be
at
ta
in
ed
ir
re
sp
ec
ti
ve
of
th
e
de
pt
h
of
th
e
wa
te
r
column (Figure 5.1—7).
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5.1-7. MEAN
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'
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1973.
Irradiance
is
in
the
400—500
nm
wavelength
range.
.. ., .ﬂw
 
   
MV
EC
de
fi
ne
s
a
ne
ar
sh
or
e
an
d
mi
d—
la
ke
re
gi
me
in
wh
ic
h
ma
rk
ed
di
ff
er
en
ce
s
in
wa
te
r
cl
ar
it
y
ca
n
be
di
sc
er
ne
d.
La
rg
er
MV
EC
pr
ed
om
in
at
e
al
on
g
co
as
ta
l
re
gi
on
s.
Th
is
is
es
pe
ci
al
ly
ev
id
en
t
in
su
ch
so
ur
ce
or
ph
ys
ic
al
ly
re
st
ri
ct
ed
ar
ea
s
as
th
e
Du
lu
th
Ar
m,
Th
un
de
r
Ba
y,
th
e
so
ut
hw
es
t
po
rt
io
ns
of
th
e
la
ke
,
Ma
ra
th
on
,
Ni
pi
go
n-
Bl
ac
k
Ba
y,
an
d
Wh
it
ef
is
h
Ba
y.
Co
ns
id
er
ab
ly
le
ss
at
te
nu
at
io
n
of
th
e
li
gh
t
fl
ux
is
ob
se
rv
ed
in
de
ep
er
mi
d—
la
ke
zo
ne
s.
Th
e
la
ke
—w
id
e
se
as
on
al
tr
en
d
in
MV
EC
(F
ig
ur
e
5.
1—
8)
il
lu
st
ra
te
s
a
gr
ad
ua
l
in
cr
ea
se
to
a
br
oa
d
pe
ak
in
th
e
pe
ri
od
Au
gu
st
to
Oc
to
be
r
wh
en
it
ap
pe
ar
s
to
de
cl
in
e.
Te
mp
or
al
va
ri
at
io
ns
in
MV
EC
fo
r
in
di
vi
du
al
se
gm
en
ts
ma
y
di
ff
er
fr
om
th
e
la
ke
-w
id
e
tr
en
d
an
d
th
is
is
re
la
te
d
to
te
mp
er
at
ur
e
an
d
de
pt
h.
Va
ri
at
io
ns
in
wa
te
r
cl
ar
it
y
fo
r
ot
he
r
ol
ig
ot
ro
ph
ic
la
ke
s
ha
ve
be
en
ob
se
rv
ed
al
so
an
d
ha
ve
be
en
la
rg
el
y
re
la
te
dt
o
pe
ak
s
in
bi
om
as
s
(2
1)
.
Se
as
on
al
bi
om
as
s
cy
cl
es
ha
ve
bee
n
rep
ort
ed
in
Lak
e
Sup
eri
or
seg
men
ts
(se
e
Cha
pte
r
5.4
).
Du
ri
ng
sp
ri
ng
mo
nt
hs
,
re
la
ti
ve
ly
hi
gh
MV
EC
oc
cu
r
in
co
as
ta
l
se
gm
en
ts
.
Th
e
re
du
ct
io
n
of
li
gh
t
tr
an
sm
is
si
on
is
du
e
to
in
cr
ea
se
d
su
sp
en
de
d
se
di
me
nt
s
in
th
e
wa
te
r
co
lu
mn
re
su
lt
in
g
fr
om
hi
gh
er
co
as
ta
l
er
os
io
n
ra
te
s
af
te
r
ic
e
br
ea
k-
up
,
ag
it
at
io
n
of
se
di
me
nt
s
in
sh
al
lo
we
r
co
as
ta
l
ar
ea
s,
an
d
as
so
ci
at
ed
se
di
me
nt
s
in
wa
te
r
di
sc
ha
rg
ed
of
f
th
e
su
rr
ou
nd
in
g
ba
si
n.
Th
e
ef
fe
ct
is
mo
st
pr
on
ou
nc
ed
in
the "red clay" area of segment 9.
Sl
ig
ht
in
cr
ea
se
s
in
la
ke
—w
id
e
av
er
ag
es
of
ch
lo
ro
ph
yl
l
co
nc
en
tr
at
io
n
ar
e
obs
erv
ed
in
the
sur
fac
e
wat
ers
alo
ng
wit
h
sli
ght
red
uct
ion
of
nut
rie
nts
in
the
spr
ing
(Ch
apt
er
5.3
).
Wat
er
tra
nsp
are
ncy
is
mos
t a
ffe
cte
d
in
the
war
mer
coa
sta
l
wat
ers
.
The
rap
id
inc
rea
se
in
MVE
C
in
the
Dul
uth
Arm
is
the
res
ult
of
bot
h
sed
ime
nt
and
bio
mas
s
inf
lue
nce
.
Bio
mas
s
con
cen
tra
tio
ns
are
hig
hes
t
in
seg
men
ts
1 a
nd
7 a
nd
in
Thu
nde
r B
ay;
see
Cha
pte
r 5
.4.
In
gen
era
l,
sed
ime
nt
loa
d,
ass
oci
ate
d w
ith
hig
h r
uno
ff,
pro
gre
ssi
vel
y d
ecl
ine
s d
uri
ng
Jun
e r
esu
lti
ng
in
a r
edu
cti
on
of
MVE
C i
n c
oas
tal
zon
es
whe
re
sed
ime
nts
for
med
the
pro
min
ent
inf
lue
nce
on
wat
er
cla
rit
y.
MVE
C s
how
s g
rea
ter
cor
res
pon
den
ce
wit
h s
eas
ona
l
biom
ass
cycl
e as
stra
tifi
cati
on p
rogr
esse
s an
d va
ries
temp
oral
ly i
n ea
ch
segment (19).
Gene
rall
y,
rela
tive
ly l
ow b
ioma
ss
is o
bser
ved
in t
he e
aste
rn a
nd n
orth
-
east
ern
part
of t
he l
ake
(seg
ment
s 2,
3, a
nd 1
3).
On a
lake
-wid
e ba
sis,
both
the primary production and chlorophyll a levels reach a peak in September (22),
which is the time when the turbidity reaches a minimum. Although cycles in
water transparency are observed in the south Shore segments 9, 10, 11, and
12 that are in phase with the biomass cycle, it may be concluded that biological
activity does not contribute in a major way to seasonal turbidity variations.
The more likely causes are resuspension by spring and fall storms of bottom
material near the shores, shore erosion, stream runoff during the same periods,
and the dispersal of this material throughout the whole lake. In general, these
data indicate that mid-lake areas of Lake Superior are only minimally influenced
by nearshore erosion and runoff of sediments and by biological activity.
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A
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T
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O
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F
I
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R
E
S
M
e
a
s
u
r
e
m
e
n
t
s
h
a
v
e
a
l
s
o
b
e
e
n
m
a
d
e
o
f
t
h
e
n
u
m
b
e
r
o
f
s
u
s
p
e
n
d
e
d
a
s
b
e
s
t
i
f
o
r
m
f
i
b
r
e
s
i
n
L
a
k
e
S
u
p
e
r
i
o
r
(
2
4
)
.
A
l
t
h
o
u
g
h
t
h
e
i
r
n
u
m
b
e
r
c
a
n
n
o
t
a
f
f
e
c
t
t
u
r
b
i
d
i
t
y
t
o
a
n
y
g
r
e
a
t
e
x
t
e
n
t
,
a
b
r
i
e
f
d
i
s
c
u
s
s
i
o
n
h
a
s
b
e
e
n
i
n
c
l
u
d
e
d
h
e
r
e
b
e
c
a
u
s
e
o
f
p
o
s
s
i
b
l
e
health hazards.
A
N
A
L
Y
T
I
C
A
L
R
E
S
U
L
T
S
I
n
1
9
7
3
,
s
a
m
p
l
e
s
f
o
r
a
s
b
e
s
t
o
s
f
i
b
r
e
a
n
a
l
y
s
i
s
w
e
r
e
c
o
l
l
e
c
t
e
d
d
u
r
i
n
g
f
i
v
e
c
r
u
i
s
e
s
(
2
5
)
.
A
m
a
x
i
m
u
m
o
f
3
0
s
t
a
t
i
o
n
s
w
a
s
s
a
m
p
l
e
d
,
b
u
t
a
t
o
n
l
y
t
w
o
s
t
a
t
i
o
n
s
w
a
s
a
s
a
m
p
l
e
c
o
l
l
e
c
t
e
d
o
n
e
v
e
r
y
c
r
u
i
s
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h
e
s
a
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l
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b
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c
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l
l
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c
t
e
d
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b
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c
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p
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c
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i
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e
re
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TABLE 5.1—6
AVERAGE ASBESTOS FIBRE CONCENTRATION BY CRUISE FOR 1973
 
CCIW ASBESTOS FIBRE CONCENTRATION
CRUISE
NUMBER AVERAGE STANDARD DEVIATION NO. OF SAMPLES
306a 3.5 x 106/2 3.6 x 106/2 24
310b 7.4 x 106/9, 7.6 x 106/3 17
312 8.9 x 106/2 7.9 x 106/1 8
313 1.3 x 105/2 0.9 x 106/2 16
    
a.
One
val
ue
of
82.
0 x
106
exc
lud
ed
fro
m c
alc
ula
tio
n.
b. One value of 45.0 x 106 excluded.
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pe
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m.
Th
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southeastwardly to the trough (27).
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e
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rr
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r
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a
re
gi
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d
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.
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s
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y
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Te
mp
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e
pr
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ta
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IW
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n
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204
,
lo
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d
ne
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th
e
ab
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e—
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nt
io
ne
d
cu
rr
en
t
re
co
rd
er
,
sh
ow
a
ma
rk
ed
in
fl
ue
nc
e
of
th
e
di
sc
ha
rg
e
on
te
mp
er
at
ur
e
st
ru
ct
ur
e
in
Au
gu
st
an
d
Oc
to
be
r
(t
em
pe
ra
tu
re
0.
5
C°
hi
gh
er
th
an
ex
pe
ct
ed
)
at
al
l
de
pt
hs
gr
ea
te
r
th
an
50
m
(F
ig
ur
e
5.
1-
9)
.
In
Se
pt
em
be
r,
on
ly
the
bot
tom
30
m w
as
aff
ect
ed.
In
May
,
Jun
e,
and
Nov
emb
er
the
ent
ire
wat
er
col
umn
was
bei
ng
ver
tic
all
y
mix
ed
by
con
vec
tio
n,
and
no
app
are
nt
inf
lue
nce
of
the
den
sit
y
cur
ren
t
on
tem
per
atu
re
str
uct
ure
was
obs
erv
ed.
A w
int
er
obs
erv
ati
on
at
sta
tio
n N
OAA
3-1
2,
loc
ate
d a
bou
t
20
km
sou
th
of
the
sou
rce
and
bey
ond
the
axi
s
of
the
tro
ugh
,
has
a c
lea
r
sig
nat
ure
of
den
sit
y
cur
ren
t
wat
er
in
the
low
er
25
m (
Fig
ure
5.1
—9)
and
pro
vid
es
a m
eas
ure
of
the
ext
ent
to
whi
ch
thi
s
water can move in half a year or less.
The
tai
lin
gs
wat
er
rea
chi
ng
the
dee
p l
ake
bot
tom
is
war
mer
tha
n t
he
amb
ien
t w
ate
r i
n s
umm
er,
and
mus
t b
e c
ool
er
in
win
ter
.
At
or
bef
ore
the
tim
e
of t
he f
all
or s
prin
g co
nvec
tive
peri
od,
this
wate
r,
alon
g wi
th i
ts p
rope
rtie
s,
mix
es
ver
tic
all
y i
nto
the
ove
rly
ing
wat
ers
.
Thi
s i
s o
ne
pos
sib
le
exp
lan
ati
on
for
the
obse
rvat
ions
of g
ener
ally
high
valu
es o
f he
avy
meta
ls
in t
he w
este
rn
end of the lake during spring (see Chapter 5.3).
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In order to elucidate baseline conditions in Lake Superior some knowledge
of the sediment distribution and composition is essential. Such conditions
established at the time of sampling provide a reference against which future
trends in lake water quality may be measured (for example, Kemp, et al.) (1).
A detailed evaluation of the data may further provide some indication of the
source, dispersal, and final sink of chemical elements, particularly relevant in
terms of nutrients and toxic tracemetals.
This section provides first a description of the distribution of surficial
sediment material, second a statistical tabulation of parameters measured based
on a system of lake sectorization defined by sediment character, and finally a
brief review of some of the highlights observed in the interpretation of the
data base.
METHODS
Samples were collected in the early summer of 1973 using a Shipek grab
sampler on the intercepts of a Universal Transverse Mercator Projection 10 km
square grid (2). The surficial 3 cm of sediment from the grab sampler was Sub-
sampled, from which an aliquot waskept wet for particle size analysis and the
remainder freeze-dried for subsequent geochemical analysis. Major elements were
analyzed by X—ray fluorescence spectrometry, trace elements by atomic absorption
spectrophdtometry after acid extraction, and organic and inorganic carbon by
Leco induction furnace carbon analyzer.
POST—GLACIAL EVOLUTION OF THE SUPERIOR BASIN
An overview of the post-glacial development of the Great Lakes Basin has
been given bySly and Thomas (2). The first area of the Superior basin to
become ice-free was around Duluth where a high level lake, Lake Keweenaw, at
about 331 m above present sea level was believed to have been ponded. A Sub-
sequent ice advance (Valders) completely refilled the basin and it is only after
this event that the recent sedimentary record can be clearly defined. With
retreat of the Valders ice, Lake Duluth was formed in the location of the
earlier Lake Keweenaw, draining westwards through high level outlets near
Duluth. With continued ice retreat lower outlets were established, initially
at the north end of Green Bay and subsequently at Sault Ste. Marie. These
outlets resulted in the lowering of levels in Lake Minong (post Lake Duluth)
which in turn led to the low level lake phase, Lake Houghton. With isostatic
crustal rebound, outflow sills in the Huron basinwere raised and water depths
in Lake Michigan and the Upper Lakes increased, and this further resulted in
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re
pr
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ab
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e
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ri
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e
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ed
ge
ne
ra
ll
y
of
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n-
ho
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us
mi
xt
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es
of
gr
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,
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nd
,
si
lt
,
an
d
cl
ay
.
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y
are
exp
ose
d
in
the
coa
sta
l
nea
rsh
ore
zon
e
of
the
lak
e a
nd
in
off
sho
re
reg
ion
s
of
sha
llo
w w
ate
r
(Fi
gur
e 5
.2-
1).
The
y a
re
gen
era
lly
cha
rac
ter
ize
d
in
the
lak
e b
ed
by
a
sur
fic
ial
lag
gra
vel
dep
osi
t.
By
def
ini
tio
n,
a l
ag
dep
osi
t
is
one
in
whi
ch
the
sur
fac
e
mat
eri
als
are
com
pos
ed
of
a
coa
rse
res
idu
al
dep
osi
t
aft
er
the
fin
er
par
tic
ula
te
mat
eri
als
hav
e
bee
n
rem
ove
d
by
ero
siv
e
sco
uri
ng.
GLACIO'LACUSTRINE CLAYS
The
se
are
red
and
gre
y c
omp
act
fir
m c
lay
s,
gen
era
lly
var
ved
, w
ith
occ
asi
ona
l
ice
-ra
fte
d e
rra
tic
s,
and
eer
e d
epo
sit
ed
in
gla
cia
l l
ake
s d
uri
ng
the
ice
ret
rea
t.
The
glac
ial
sequ
ence
s as
they
rela
te t
o po
stgl
acia
l ev
ents
have
been
desc
ribe
d
in d
etai
l by
Dell
(3).
The
glac
io-l
acus
trin
e cl
ay e
xpos
ures
in t
he l
ake
are
gene
rall
y ch
arac
teri
zed
by
anat
tend
ant
thin
surf
ace
lag
sand
, i
ndic
ativ
e of
non-depositional or erosive conditions at this sediment/water interface.
The glacio—lacustrine clays outcrop around the periphery of the lake and
in some offshore regions, in particular on the Keewanaw—Superior sill from the
Keweenaw Peninsula to Superior shoal (Figure 5.2—2), usually overlying the
till deposits.
BASIN MUDS
Mud, by definition, implies an undefined mixture of silt and clay. The
term is used hereto define silty clays and clays which represent present-
day fine-grained sediment accumulation in the lake. In Lake Superior these
muds are different in character to the equivalent depositsin the remainder of
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FIGURE 5.2-2.
DEPOSITIONAL B
ASINS OF LAKE
SUPERIOR.
 the Great Lakes. They are low in organic matter and are compact, due to the
low productivity of the lake waters and a slow rate of sediment accumulation.
The muds showsimilar characteristics to the glacio—lacustrine clays and show
a colour changefrom red in the south to light grey or grey in the north.
They differ distinctly from the dark grey to black soft textured recent sediments
so typical of the other lakes. Basin muds in Lake Superior are further char—
acterized by black (manganiferous) and ochre (limonitic) hard bands occurring
at a sediment depth of 2 to 6 cm. These bands have been described in detail
by Sly and Thomas (2) who attribute their origin to precipitation of upward
diffusing manganese and iron under the highly oxidizing conditions occurring
in the sediments of Lake Superior.
The basin muds occur throughout the deep water regions of the lake in a
series of inter-connecting bathymetric deeps which are hereafter defined as
sub—basins.
SANDS
Major sand accumulations were not observed in the open lake waters, and
within the constraints of the sampling grid, bodies of accumulating sand were
noted only at two localities. These are shown in Figure 5.2—1 in the extreme
southwest, as an offshore extension of the Duluth-Superior Harbor sand bar and
the outer periphery of the Apostle Islands. Vessel draft and sample grid
prohibited observation and sampling of nearshore bars and general offshore
beach extensions.
The bathymetry of Lake Superior shows a natural sub—division into two
regions either side of a north-south dividing line extending from Marathon to
the Keeweenaw Peninsula. To the west of this line the topography is generally
of gentle relief with well defined basin deeps, generally alignednorth-east
to south-west. To the east the basin topography is exceedingly complex with
deeps occurring in trench-like forms aligned north to south. These forms have
been discussed by Farrand (4). In general the sediment distribution (Figure
5.2—1) shows a good agreement with the lake bathymetry, though due to sampling
intervals and line spacing, the complexity of the eastern sector cannot be
seen.
The sedimentology of Lake Superior sediments has been discussed briefly
by Thomas and Jaquet (5). They concluded that the variations in the textural
parameters (mean grain size, standard deviation, skewness, and kurtosis)
conform to a model of physical sorting of a sand and a clay size population.
The mixing of these populations is controlled by available hydraulic energy
which is, itself, closely related to water depth. Variation in the texture of
the sediment is thus strongly related to water depth.
LAKE SECTORIZATION
Sectorization, as used here, is based on a differentiation between non-
depositional and depositional (basin) zones. Further, in order to provide for
spatial variation in sediment composition, the depositional or basin zones
have been sub-divided into sub-basins. The distribution of the non-depositional
zone and of the sub—basins together with nomenclature is given in Figure 5.2—2
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percentage of clay-size material in the latter.
Othe
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an i
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nd W
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fish
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ns,
the
clay
cont
ent
of t
he
basi
n se
dime
nts
does
not
vary
grea
tly.
Vari
atio
ns c
an b
e at
trib
uted
to c
hang
es
in s
ilt
cont
ent,
thou
gh a
subs
tant
ial
mean
valu
e fo
r sa
nd c
an b
e se
en i
n th
e
Caribou Sub-basin. This sand is attributed to local subaqueous erosion in the
highly complex trough and ridge morphology of the eastern part of this basin.
Both the Keweenaw and Whitefish Basins show substantially less clay material
than the other basins. In the Keweenaw Basin this is due to a higher silt
content which may be a reflection of a relatively shallow mean water depth
together with its situation in a region of predominantly non—depositional
sediment (Figure 5.2—1). Low clay content in the Whitefish Basin is inverse
to a high concentration of sand—size material. This presumably is a function
of the situation of the basin in the extreme eastern sector of the lake and
the long westerly and northwesterly fetch. The basin additionally occurs
in a region characterized by lag deposits, implying subaqueous erosion and
some sand transport into the depositional basin.
Mea
n v
alu
es
for
org
ani
c c
arb
on
are
low
thr
oug
hou
t t
he
lak
e a
nd
are
sim
ila
r
to
lev
els
rec
ord
ed
in
Lak
e H
uro
n.
Thi
s
is
not
sur
pri
sin
g c
ons
ide
rin
g t
he
low
productivity and oligotrophic nature of the lake.
Low mean levels for inorganic carbon are observed throughout Lake Superior,
particularly in the basin deposits.
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 _ TABLE 5.2-1
MEAN LEVELS (X) AND STANDARD DEVIATIONS (8)
FOR SOME PROPERTIES OF LAKE SUPERIOR SEDIMENTS
[Eh (volts). Sand, Silt, Clay, Organic Carbon (C), and Inorganic Carbon (C02) (in percents).
Depth (metres).]
7
6
1
9
-
7
2
1
3
1
1
6
“
1
:
3
.
E
B.
Eh V. pH Sand Silt Clay C C02 Depth m %
SECTOR No. of i i i Ii i i i i E'
Samples (8) (s) (8) (s) (s) (s) (s) (s)
Total Lake 404 0.415 7.1 24.0 19.8 56.0 1.70 0.12 161 if
(0.121) (0.4) (32.2) (13.4) (29.6) (1.15) (0.81) (71) %
men-Depositional 188 0.448 7.3 44.1 17.3 38.0 0.82 0.21 121 a;
Zone (0.083) (0.4) (33.8) (15.4) (31.0) (0.74) (1.17) (64) a
Total Basins 216 0.387 7.0 7.0 21.7 71.2 2.45 <0.04 197 38
(0.140) (0.3) (17.9) (11.1) (17.5) (0.85) (0.15) (56)
Duluth 27 0.364 7.2 1.5 32.6 65.9 2.22 <0.01 162 i;
(0.167) (0.3) (1.6) (14.2) (13.8) (0.70) (52) E.
1i
Chefswet 27 0.409 7.2 2.4 18.6 79.0 2.22 <0.01 183 “A
(0.150) (7.0) (2.2) (6.0) (7.4) (2.61) (20) .;
Apostle 13 0.431 7.0 1.2 18.8 79.1 2.52 <0.01 180 I
(0.076) (0.1) (1.1) (6.9) (4.5) (0.69) (18)
Isle Royale 50 0.382 6.9 0.7 21.8 77.6 2.66 <0.01 216 f
(0.126) (0.4) (1.2) (8.1) (8.2) (0.60) (39) g
Thunder Bay 17 0.324 7.1 0.8 24.7 74.5 2.55 <0.01 204 3
Trough (0.155) (0.2) (1.1) (6.0) (2.9) (0.42) (34) g
I
Thunder Bay '5, 0.230 7.6 8.6 21.5 70.0 1.63 <0.01 49 )
(0.195) (0.4) (6.7) (16.1) (20.6) - (0.94) (31) .
Caribou :49 0.408 6.8 12.4 15.3 72.2 2.52 <0.10 237 I
(0.126) (0.4) (23.3) (9.6) (22.6) (1.14) (0.30) (60)
Marathon 6 0.418 7.0 2.1 31.0 67.0 2.36 <0.15 168 (
(0.030) (0.3) (1.3) (10.5) (10.8) (0.57) (0.21) (39) g
p
Keweenaw 4 0.273 6.5 1.7 39.0 59.3 2.51 <0.01 133 55
(0.210) (0.1) (0.8) (6.7) (6.0) (0.13) (13) i1
4»
Whitefish 18 0.431 7.0 39.2 19.7 41.1 1.96 <0.03 172 19‘
(0.129) (0.3) (33.4) (13.1) (21.4) (1.25) (0.10) (33) 1‘
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TABLE 5.2—2
MEA
N
LEV
ELS
(IN
PER
CEN
T)
OF
MAJ
OR
COM
PON
ENT
S
IN
THE
SED
IME
NTs
OF
LAK
E
SUP
ERI
OR
. Total
310
2
A12
03
MgO
CaO
N32
0
K20
T10
2
P20
5
MnO
S
Fez
oa
No.
of
'i
I?
)‘I
I?
)‘I
i
i
i
I?
)‘I
I7.
SECTOR Samples (5) (s) (s) (s) (s) (s) (s) (S) (S) (S) (8)
Tot
al
Lak
e
404
65.
52
9.9
9
3.0
5
1.7
1
2.0
2
2.7
5
0.6
5
0.1
8
0.3
3
0.0
3
6.2
9
(11
.10
)
(2.
90)
(1.
46)
(1.
59)
(0.
47)
(0.
57)
(0.
20)
(0.
12)
(1.
80)
(0.
06)
(3.
28)
Non-Depositional
Zon
e
188
70.
89
8.7
2
2.6
7
1.7
1
1.9
1
2.6
4
0.5
6
0.1
2
0.1
5
0.0
2
4.8
0
(1
2.
41
)
(3
.1
7)
(1.
70)
(2
.1
3)
(0
.5
8)
(0.
66)
(0.
24)
(0
.0
9)
(0
.2
7)
(0
.0
4)
(3
.5
4)
Tot
al
Bas
ins
216
60.
82
11.
11
3.4
0
1.7
1
2.1
3
2.8
5
0.7
1
0.2
3
0.5
9
0.0
4
7.5
9
(7
.0
7)
(2
.0
8)
(1
.0
9)
(0
.8
8)
(0
.3
2)
(0.
47)
(0
.1
4)
(0.
12)
(2
.4
3)
(0
.0
6)
(2
.3
9)
Dul
uth
27
62.
85
8.5
1
3.9
7
1.9
4
1.9
8
2.2
0
0.6
6
0.2
9
0.6
3
0.0
6
11.
39
(6.
14)
(3.
26)
(1.
43)
(0.
41)
(0.
20)
(0.
76)
(0.
23)
(0.
10)
(0.
31)
(0.
06)
(3.
61)
Che
fsw
et
27
57.
96
11.
80
3.6
9
1.5
7
2.2
7
3.0
5
0.7
6
0.2
2
0.2
0
0.0
8
7.6
5
(2.
39)
(0.
87)
(0.
43)
(0.
14)
(0.
26)
(0.
15)
(0.
05)
(0.
05)
(0.
13)
(0.
13)
(0.
55)
Apo
stl
e
13
57.
29
11.
90
3.4
4
1.8
1
2.2
6
2.9
7
0.7
6
0.2
5
0.3
5
0.0
3
7.9
6
(1.
46)
(0.
56)
(1.
03)
(0.
11)
(0.
12)
(0.
14)
(0.
03)
(0.
07)
(0.
30)
(0.
03)
(0.
62)
Isl
e R
oya
le
50
58.
46
12.
23
3.3
2
1.7
2
2.1
9
3.0
7
0.7
2
0.2
3
1.0
8
0.0
3
7.1
9
(3.
16)
(0.
72)
(0.
83)
(0.
54)
(0.
26)
(0.
22)
(0.
02)
(0.
09)
(3.
97)
(0.
02)
(0.
69)
Thu
nde
r B
ay
17
60.
30
11.
52
3.3
3
1.9
2
2.2
8
2.7
4
0.7
3
0.2
8
1.7
0
0.0
2
7.6
7
Tro
ugh
(1.
72)
(0.
61)
(1.
24)
(0.
10)
(0.
10)
(0.
46)
(0.
03)
(0.
12)
(5.
21)
(0.
01)
(0.
67)
g
Thu
nde
r B
ay
5
55.
44
10.
98
4.7
5
5.4
4
2.6
6
2.6
1
0.7
5
0.2
2
0.1
6
0.0
1
7.3
4
a
(7.
32)
(0.
50)
(0.
27)
(3.
54)
(0.
43)
(0.
31)
(0.
11)
(0.
02)
(0.
05)
(1.
25)
.D
é
Car
ibo
u
49
60.
40
11.
53
3.3
6
1.4
6
2.1
0
3.0
3
0.7
0
0.2
2
0.2
2
0.0
3
6.9
9
x
m
(8.
04
(1.
70)
(1.0
1)
(0.4
0)
(0.3
0)
(0.2
8)
(0.1
1)
(0.1
6)
(0.
17)
(0.
03)
(1.6
5)
1‘
Mar
ath
on
6
60.
88
11.
94
3.4
4
1.6
8
2.2
1
3.0
4
0.7
2
0.2
0
0.1
5
0.0
1
6.4
7
1,
(2.8
6)
(0.4
4)
(0.4
2)
(0.0
8)
(0.0
9)
(0.0
7)
(0.0
2)
(0.0
3)
(0.
01)
(0.
01)
(0.8
1)
a
Kewe
enaw
4
60.2
6
10.8
7
3.98
1.68
2.14
2.66
1.02
0.28
0.32
0.05
8.21
;
(1.0
2)
(0.5
1)
(1.1
7)
(0.1
3)
(0.0
4)
(0.1
7)
(0.0
9)
(0.1
8)
(0.2
8)
(0.0
3)
(1.6
0)
:
Whit
efis
h
18
74.3
4
8.63
1.92
1.01
1.60
2.45
0.50
0.12
0.16
0.02
4.47
1
(9.29
)
(1.88
) (
0.74)
(0.47
) (
0.29)
(0.29
) (
0.18)
(0.11
)
(0.1
3)
(0.0
2)
(2.37
)
   
1
,
,
t
h
1
.
.
.
.
.
.
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MAJOR COMPONENTS
Table 5.2—2 summarizes mean values for major components in Lake Superior
sedi
ment
s.
All
elem
ents
othe
r th
an S
i02
are
more
conc
entr
ated
in d
epos
itio
nal
basi
n se
dime
nts.
Si02
is p
redo
mina
ntly
in t
he s
and
and
silt
—siz
e ma
teri
als
(6)
and
thu
s s
how
s d
ecr
eas
ed
val
ues
in
the
bas
ins
hav
ing
the
hig
her
con
cen
tra
tio
ns
of c
lay.
Sly
and
Thom
as
(2)
disc
usse
d th
e re
lati
onsh
ip o
f A1
203,
MgO,
K20,
and
Ti0
2 t
o t
he
cla
y—s
ize
d m
ate
ria
l a
nd
int
erp
ret
ed
the
rel
ati
ons
hip
as
bei
ng
due
to
the
se
com
pon
ent
s o
ccu
rri
ng
as
pri
mar
y c
ons
tit
uen
ts
in
a p
red
omi
nan
tly
illite clay mineral assemblage, with subsidiary Ghlorite- Despite the low f
ino
rga
nic
car
bon
con
ten
t,
CaO
is
hig
h t
hro
ugh
out
the
lak
e,
and
in
par
tic
ula
r,
%
in
Thu
nde
r B
ay.
The
min
era
log
y o
f t
he
CaO
is
unk
now
n,
as
yet
, b
ut
doe
s n
ot
§
app
ear
to
be
dep
end
ent
eit
her
on
sed
ime
nt
tex
tur
e o
r c
arb
ona
te
con
ten
t.
Si0
2
$
is l
ow t
hrou
ghou
t.
Fe20
3 is
exce
edin
gly
high
thro
ugho
ut t
he l
ake.
This
may
%
be
rel
ate
d t
o h
igh
iro
n i
n t
he
bed
roc
k o
f t
he
Lak
e S
upe
rio
r w
ate
rsh
ed
but
is
-g
mor
e l
ike
ly
to
be
a f
unc
tio
n o
f t
he
oxi
diz
ing
nat
ure
of
the
sur
fic
ial
sed
ime
nts
.
The occurrence of ochrous limonitic layers has been previously noted and high
iron in the surface sediment is thought to be due to the precipitation, on
oxidation, of upward diffusing reduced iron which also results in the prevention mg
of its release to the bottom waters of the lake. Mean values for P205 show 'V
co-variance, by lake sector, with total Fe203. This suggests that phosphorus
occurs adsorbed on hydrated iron oxide surfaces, as described by Williams,
et a1. (7) for Lake Erie. Taking into consideration the extremely low rates
of sedimentation occurring in Lake Superior (0.2 mm/a) (8), mean phosphorus
levels in the basin sediments of Lake Superior are high. This is in accord
with estimates of loadings and discharge of total phosphorus in Lake Superior,
(see Chapter 3), that show that approximately 90% is retained. Sedimentation
of phosphorus is usually significant in oligotrophic lakes.
In effect the very oxidizing nature of the bottom sediments of Lake
Superior acts to prevent the release of phosphorus to the bottom waters.
Consequently, the sediments of this lake are acting as a phosphorus sink.
TRACE METALS
Mean levels for trace metals for lake sectors are given in Table 5.2—3.
All elements show increased levels in the basin sediments as compared to the
non-depositional zones of the lake, indicating that these elements are associated
with the finer sediment materials.
A co
mpar
ison
of t
otal
Lake
Supe
rior
trac
e me
tal
mean
s ve
rsus
valu
es
recorded in Lake Huron is given in Table 5.2—4. Levels of Pb, Co, Cd, and Sr
are similar in both lakes. Hg is significantly higher in Lake Huron, whereas
Lake Superior shows significantly higher levels of Cu, Zn, Ni, Cr, and V; As ‘
is ma
rgina
lly
highe
r in
Lake
Super
ior,
thoug
h at
the l
ow le
vels
obser
ved,
this
3f
diffe
rence
is no
t co
nside
red
to be
signi
fican
t.
éy
 
Kemp and Thomas (9), in discussing trace metals in Lakes Ontario, Erie,
and Huron, classified the elements analyzed into the following categories
usi
ng
a n
orm
ali
zat
ion
bas
ed
upo
n a
lum
inu
m:
it
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 TABLE 5.2-3
MEAN LEVELS OF TRACE METALS IN THE SEDIMENTS OF LAKE SUPERIOR
(Hg in ug/kg, all others in mg/kg)
   
Hg Pb Cu Zn Ni Co Cr Cd V Sr As
SECTOR No. of i i )2 i i i i i i i )2
Samples (5) (s) (s) (s) (s) (s) (s) (s) (a) (s) (5)
Total Lake
404
83
44
82
97
95
26
163
1.2
82
111
1.7
(56) (27) (67) (48) (46) (22) (104) (0.8) (38) (71) (2.5)
Non-Depositional 188 53 26 49 63 72 19 124 0.8 65 90 1.3
Zone (30) (18) (40) (41) (47) (12) (95) (0.6) (40) (76) (2.2)
Total Basins
216
108
60
111
127
116
32
197
1.6
97
130
2.1
(61) 23 (73) (33) (34) (26) (101) (0.8) (30) (71) (2.6)
Duluth
27
136
62
90
127
123
26
195
1.7
93
139
2.6
(46) (20) (26) (35) (40) (7) (66) (0.5) (33) (24) (3.4)
Chefswet
27
86
53
99
127
119
42
209
1.4
96
125
1.5
(23) (16) (28) (17) (15) (63) (36) (0.3) (27) (20) (1.8)
Apostle
13
112
56
177
143
122
34
218
1.7
107
153
1.7
(25)
(15) (247)
(16)
(22)
(4)
(45) (0.2) (16)
(19)
(2.5)
Isle Royale
50
100
65
117
139
118
31
204
1.7
111
140
2.3
(35)
(17)
(32)
(18)
(18)
(5)
(125) (0.3) (17)
(24)
(2.7)
m Thunder Bay
17
134
68
112
146
124
31
266
1.9
102
138
4.0
.5
Trough
(51)
(16)
(23)
(17)
(29)
(4)
(215)
(0.4)
(19)
(20)
(3.1)
0)
g Thunder
Bay
5
326
48
68
141
128
31
143
2.2
128
175
3.7
g
(204)
(21)
(27)
(45)
(37)
(6)
(44)
(0.8)
(24)
(84)
(6.0)
Caribou
49
94
59
114
121
118
32
190
1.6
94
120
1.2
(44)
(29)
(51)
(36)
(40)
(9)
(42)
(1.4)
(29)
(38)
(1.6)
Marathon
6
101
60
107
124
129
27
197
1.5
96
118
3.0
(55)
(20)
(39)
(27)
(32)
(5)
(127)
(0.4)
(22)
(26)
(2.4)
Keweenaw
4
120
72
193
132
126
27
198
1.5
131
286
0.7
(27)
(10)
(55)
(7)
(23)
(3)
(18)
(0.4)
(28)
(371)
(0.9)
Whitefish
18,
74
52
88
77
66
29
120
1.1
52
61
1.8
(35)
(36)
(58)
(41)
(40)
(45)
(74)
(0.7)
(26)
(28)
(2.1)
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 TABLE 5.2-4
COMPARISON OF TOTAL LAKE MEAN SEDIMENT VALUES
FOR TRACE METALS BETWEEN LAKE SUPERIOR AND LAKE HURON
(Hg in ug/kg, all others in mg/kg)
    
ELE
MEN
T
LAK
E S
UPE
RIO
R
LAK
E H
URO
N
Hg
83
217
Pb 44 ' 49
Cu 82 32
Zn 97 62
Ni 95 39
Co
26
17
Cr
163
32
Cd
1.2
1.4
V
82
44
Sr
111
66
As
1.7
1.1
TABLE 5.2-5
MEA
N
TR
AC
E
ME
TA
L
VA
LU
ES
IN
COR
E
6-1
8,
LAK
E
SU
PE
RI
OR
(Hg in ug/kg, all others in mg/kg)
Hg
Cu
Pb
Zn
Co
Ni
Cd
Mea
n 0
—3
cm
128
133
73
167
29
65
3
(3 samples)
Mea
n
3-2
4
cm
70
63
28
133
29
69
2
(19 samples)
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 Conservative — Si, K, Ti, Na, Mg. When normalized no variation
is observed in the sediment column. These elements are thus as—
sociated with naturally occurring detrital minerals including
clay, quartz, and feldspars.
Enr
ich
ed
— H
g,
Pb,
Zn,
Cd,
Cu.
Sig
nif
ica
nt
cha
nge
s o
ccu
r,
wit
h
hig
her
lev
els
at
the
sed
ime
nt
sur
fac
e t
han
at
dep
th.
The
se
ele
men
ts
hav
e i
ncr
eas
ed
due
to
inc
rea
sed
loa
din
gs
fro
m a
nth
rop
oge
nic
scu
rce
s.
Nutrient - Organic C, N, P. Nutrient elements and organically bound
elements related to lake productivity.
Carbonate - Carbonate C, Ca. Associated with carbonates which may be
variable depending on source materials and lake conditions as they
relate to dissolution or precipitation of carbonate.
MbbiZe - Fe, Mn, S. Subject to dissolution and upward diffusion
in the sediment column.
Miscellaneous — Be, V. Variations in the sediment column unexplained.
Only one sediment core, from station G-18 in the Chefswet Sub-basin.
(Figure 5.2-2), has been analyzed so far for trace metals. Values observed are
presented in Table 5.2-5 giving mean values for the surface 3 cm and 3-24 cm.
From the table it can be inferred that enrichment through man's activities has
occurred with respect to Hg, Cu, and Pb and possibly to Zn and Cd. No change
is seen in the levels of Co and Ni. A comparison of the mean values given in
Table 5.2-5 for the 3—24 cm level with present day mean levels in Lake Huron
(Table 5.2-4) suggests that Lake Superior sediments are naturally enriched in
Cu, Zn, and Ni.
OCCURRENCE AND DISTRIBUTION OF MERCURY IN LAKE SUPERIOR SEDIMENTS
The distribution of mercury in the surficial sediments of Lake Superior
(10) is given in Figure 5.2—3. The general pattern that emerges from the
distribution shows agreement with the sediment distribution given in Figure
5.2-1. Values are low (50 ug/kg) around the periphery of the lake with a
broad area of mid—lake values in the 50 to 100 ug/kg range. The highest
values for mercury occur in Thunder Bay with sample values ranging from 344 to
584 ug/kg.
Within the main body of the lake, a number of regions can be observed
with Hg values in excess of 100 ug/kg, the distributions of which are not
related to surface sediment type.
These are considered to be anomalous and
may reflect the effect of circulation patterns within the lake on distributions
from specific source regions, as yet undefined.
The
major
anomalies
occur
in
the
sediments
between Thunder
Bay
and
Isle
Royale
and
southwestwards
along
the north
shore
of the
lake
to
the vicinity
of
Duluth.
The
configuration
of
this
area
suggests
very
strongly
that
mercury-
enriched
sediment
derived
from
the
Thunder
Bay
embayment
is
moving
predominantly
southwestwards
from
Canadian
to
U.S.
waters
and
depositing
in
the
deeper
288
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FI
GU
RE
5.
2-
3
-
D
I
S
T
R
I
B
U
T
I
O
N
OF
M
E
R
C
U
R
Y
IN
S
U
R
F
I
C
I
A
L
SE
DI
ME
NT
S
OF
LA
KE
SU
PE
RI
OR
.
 
 wat
ers
of
the
Dul
uth
Sub
—ba
sin
.
An
ext
rem
ely
int
ere
sti
ng
phe
nom
eno
n
is
obs
erv
ed
in
the
mer
cur
y d
ist
rib
uti
on
in
the
vic
ini
ty
of
Sil
ver
Bay
.
At
thi
s
loc
ali
ty
mer
cur
y c
onc
ent
rat
ion
s s
how
a m
ark
ed
dec
rea
se
to
les
s t
han
50
ug/
kg.
Vis
ual
obs
erv
ati
ons
of
sed
ime
nt
col
lec
ted
at
thi
s
loc
ali
ty
dur
ing
the
sam
pli
ng
cr
ui
se
re
ve
al
ed
th
at
th
e
su
rf
ac
e
of
th
e
se
di
me
nt
wa
s
co
mp
os
ed
of
a
gr
ey
-g
re
en
,
fi
ne
,
co
mp
ac
t
ma
te
ri
al
up
to
a
ma
xi
mu
m
th
ic
kn
es
s
of
ap
pr
ox
im
at
el
y
se
ve
n
ce
nt
im
et
re
s.
Th
is
ma
te
ri
al
wa
s
in
te
rp
re
te
d
as
be
in
g
th
e
de
po
si
te
d
ta
il
in
gs
der
ive
d
fro
m
Res
erv
e
Min
ing
Com
pan
y's
tac
oni
te
pro
ces
sin
g
pla
nt
at
Sil
ver
Bay
.
It
is
kno
wn
tha
t
thi
s
pla
nt
dep
osi
ts
som
e 6
7,0
00
ton
nes
of
tai
lin
gs
dai
ly
int
o
Lak
e
Sup
eri
or.
The
ext
ent
of
the
dep
osi
t
bas
ed
on
vis
ual
obs
erv
ati
on
is
sh
ow
n
in
Fi
gu
re
5.
2—
4.
A
si
ng
le
Be
nt
ho
s
co
re
wa
s
ta
ke
n
at
lo
ca
li
ty
1-
7
(F
ig
ur
e
5.
2—
4)
at
a
ce
nt
ra
l
lo
ca
ti
on
in
th
e
ta
co
ni
te
de
po
si
t.
Th
is
co
re
wa
s
su
b-
sam
ple
d a
t 1
cm
int
erv
als
, t
hro
ugh
out
, a
fte
r b
ein
g X
—ra
dio
gra
phe
d.
The
ind
i-
vid
ual
sub
-sa
mpl
es
wer
e
ana
lyz
ed
for
mer
cur
y a
nd
the
res
ult
s
are
plo
tte
d
aga
ins
t t
he
X-r
adi
ogr
aph
in
Fig
ure
5.2
-5.
The
X—r
adi
ogr
aph
sho
ws
a d
ens
e
sur
fac
e c
app
ing
of
tac
oni
te
tai
lin
gs
ext
end
ing
to
a s
edi
men
t d
ept
h o
f 7
cm.
The
tai
lin
gs
hav
e a
dra
mat
ic
eff
ect
on
the
ver
tic
al
mer
cur
y p
rof
ile
in
the
cor
e.
The
mer
cur
y p
rof
ile
(Fi
gur
e 5
.2-
5)
bel
ow
10
cm
dep
th
sho
ws
var
iab
le
mer
cur
y
conce
ntrat
ions
rangi
ng f
rom 4
8 to
88 ug
/kg w
hich
repre
sents
the b
ackgr
ound
level
s
at
thi
s l
oca
lit
y
in
the
lak
e.
Fro
m 1
0 t
o 7
cm,
mer
cur
y s
how
s a
dis
tin
ct
ris
e
to
172
ug/
kg
pre
sum
abl
y r
ela
ted
to
inc
rea
sin
g i
npu
t d
eri
ved
fro
m T
hun
der
Bay
and
ind
ica
tiv
e o
f t
he
ano
mal
y d
isc
uss
ed
abo
ve.
Abo
ve
7 c
m t
he
mer
cur
y d
rop
s
rapi
dly
to a
cons
tant
40 u
g/kg
, s
ubst
anti
ally
lowe
r th
an t
he c
ore
back
grou
nd
lev
el
bel
ow
10
cm.
Two
maj
or
con
clu
sio
ns
can
be
dra
wn
fro
m t
his
pro
fil
e.
Firs
tly,
incr
ease
d me
rcur
y lo
adin
gs f
rom
Thun
der
Bay
occu
rred
some
time
prio
r
to t
he o
peni
ng
of t
he S
ilve
r Ba
y ta
coni
te p
lant
and
seco
ndly
, t
acon
ite
tail
ings
have
prov
ided
a ve
ry e
ffec
tive
blan
ket
up t
o 7
cm t
hick
over
this
part
of t
he
Duluth Sub—basin, and have effectively diluted the mercury concentration in
the bottom sediments. It should be noted, however, that even though trans-
boundary movement of mercury has occurred in western Lake Superior, the levels
in the open lake sediments are low and cannot be construed as a threat to the
open lake water ecosystem.
The specific source of mercury is not known at this time. The increase
in mercury in core 1-7 at 10 cm depth indicates that the input occurred in
excess of 60 years before the onset of the taconite plant at Silver Bay (based
on a 0.5 mm/a sedimentation rate). This likely means that the mercury was
probably derived at first from the mining activities in the region at the turn
of the century. Indeed, Jonasson (11) has recorded sphalerite Hg values in
excess of 50 ug/kg in such areas. For additional discussion of mercury in
Thunder Bay, see Chapter 4.2.
Other anomalous areas with significant mercury concentrations can be
observed in Lake Superior sediments (Figure 5.2—3) though their origin and
dispersion patterns are not so clear as the anomaly discussed above. There is
a suggestion that water movement may be transporting mercury-enriched sediments
from Thunder Bay around the north shore of Isle Royale, southeastwards past
the Keweenaw Peninsula, and dispersing in the southeastern part of the lake.
Additionally, there are two anomalies on the north shore, one with apparent
direct association with input from the Nipigon River and the other well south
of Marathon which may be residual mercury associated with past practice in the
pulp and paper industries or perhaps mining activities of the region.
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CU
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EN
CE
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FI
BR
OU
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MA
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RI
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S
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LAK
E
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PE
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ME
NT
S
Shi
pek
sam
ple
s c
oll
ect
ed
in
the
reg
ion
al
sed
ime
nt
sur
vey
(5)
wer
e s
amp
led
for
fin
e m
ine
ral
fib
re
ana
lys
is.
A s
ub-
sam
ple
app
rox
ima
tin
g t
he
top
mil
lim
etr
e
was
car
efu
lly
rem
ove
d f
rom
the
sur
fac
e o
f e
ach
Shi
pek
sam
ple
and
a s
eco
nd
sub
-
sam
ple
was
tak
en
fro
m t
he
bot
tom
of
eac
h S
hip
ek
(co
mmo
nly
at
dep
ths
gre
ate
r
tha
n
8 c
m).
The
sur
fac
e s
ub-
sam
ple
s (
lab
ell
ed
Ta)
con
sis
t o
f s
edi
men
t b
ein
g
dep
osi
ted
at
the
pre
sen
t t
ime
whe
rea
s t
he
bot
tom
sub
-sa
mpl
es
(la
bel
led
Tb)
are
com
pos
ed
of
sed
ime
nt
dep
osi
ted
pri
or
to
the
com
men
cem
ent
of
the
tac
oni
te
operation at Silver Bay.
Twe
nty
sta
tio
ns
wes
t o
f l
ong
itu
de
880
and
sou
th
of
lat
itu
de
480
wer
e
sel
ect
ed
for
a p
rel
imi
nar
y s
tud
y o
f f
ibr
e c
ont
ent
(Fi
gur
e 5
.2-
6).
Fib
re
cou
nts
wer
e c
arr
ied
out
by
ele
ctr
on
mic
ros
cop
y o
n t
he
<2u
m f
rac
tio
n o
f a
ll
twen
ty s
urfa
ce
samp
les
and
eigh
t pr
e—ta
coni
te
samp
les.
The
valu
es o
f th
e
bac
kgr
oun
d c
oun
ts
(Tb
val
ues
) r
ang
e f
rom
1 x
109
to
24
x 1
09
fib
res
er
gra
m
of
dry
sed
ime
nt.
The
mea
n o
f t
he
eig
ht
bac
kgr
oun
d c
oun
ts
is
12
x 1
0
fib
res
per
gra
m.
The
sur
fac
e s
edi
men
t s
amp
les
(Ta
val
ues
) r
ang
e f
rom
2 x
109
to
256
x 1
09
fib
res
per
gra
m a
nd
the
mea
n o
f t
he
twe
nty
val
ues
is
82
x 1
09
fib
res
per gram of dry sediment.
There is no obvious geographic pattern to the background levels. The
fibr
e co
nten
t of
the
surf
ace
sedi
ment
s, o
n th
e ot
her
hand
, di
spla
ys a
rath
er
clea
r pa
tter
n of
dist
ribu
tion
.
The
grea
test
numb
er o
f fi
bres
in t
he s
urfa
ce
sediments are found close to Silver Bay. Four samples taken within the
regi
on w
here
obvi
ous
taco
nite
tail
ings
are
pres
ent
(12)
have
valu
es r
angi
ng
from
94 t
o 25
6 x
109
fibr
es p
er g
ram.
Almo
st e
qual
ly h
igh
valu
es
are
also
found contiguous to this area. Farther away from Silver Bay, fibre counts
tend
to d
ecre
ase.
Howe
ver,
surf
ace
samp
les
have
valu
es
two
time
s or
more
abov
e ba
ckgr
ound
leve
ls w
est
of l
ongi
tude
880
30'
and
sout
h of
lati
tude
470
50'
(Figure 5.2-6).
A B
ent
hos
cor
e w
as
col
lec
ted
fro
m t
he
tro
ugh
off
Sil
ver
Bay
at
sta
tio
n I
—
7,
sam
ple
d,
and
exa
min
ed
by
ele
ctr
on
mic
ros
cop
y (
see
Fig
ure
5.2
-5)
.
Fib
res
were
abun
dant
down
to 7
cm b
ut w
ere
almo
st a
bsen
t in
samp
les
belo
w th
is.
Thes
e fi
bres
were
comp
ared
with
fibr
es f
rom
a sa
mple
of t
acon
ite
tail
ings
(sup
plie
d by
the
U.S.
Envi
ronm
enta
l Pr
otec
tion
Agen
cy)
and
foun
d to
be
iden
tica
l.
CONCLUSIONS
An
eva
lua
tio
n o
f t
he
sed
ime
nts
of
Lak
e S
upe
rio
r c
an
be
use
d
to
pro
vid
e
some
insi
ght
into
pres
ent
lake
cond
itio
ns,
part
icul
arly
when
rela
ted
to o
lder
and
deep
er
sedi
ment
.
From
the
limi
ted
core
info
rmat
ion
avai
labl
e wh
en r
elat
ed
to t
he r
egio
nal
sedi
ment
comp
osit
ion,
some
spec
ific
conc
lusi
ons
may
be d
rawn
as follows:
1)
Low
organ
ic c
arbon
level
s wit
h hi
gh po
sitiv
e Eh
value
s (s
trong
ly ox
idizi
ng)
confirm the pristine oligotrophic nature of the lake.
2)
The
oxid
izin
g se
dime
nt d
iffu
ses
upwa
rd,
prec
ipit
atin
g ir
on a
nd m
an7,
.
ganese. These surface sediments are high in total phosphorus,
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5)
 
suggesting adsorption of phosphorus by the iron—rich layers, effectively
blocking the release of phosphorus to the bottom waters. The sediments
are thus serving as an effective phosphorus sink.
Trace metals are generally low, exclusive of Thunder Bay, though there
is evidence that Hg and Pb, and possibly Cu, are being elevated by man's
activities. There is further evidence that relatively high levels (when
compared to Lake Huron) of Cu, Zn, and Ni occur in sediments of Lake
Superior, due to the regional mineralization occurring in the bedrock of
the area.
The distribution of Hg shows that Thunder Bay has been a source of
anthropogenic mercury, and that this mercury has been subject to trans—
boundary movement. The sediment-bound mercury is distributed relative
to the integrated physical circulation of the lake. Out-side of Thunder
Bay, Hg levels are not an environmental threat to the lake ecosystem.
Evidence of the extent of the taconite distribution from Silver Bay is
presented, which indicates the possible transboundary transport of these
fibres. The evidence is not entirely conclusive and points to a need
for further study. Additional discussion about Silver Bay is given in
Chapter 4.4.
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Au
gu
st
18
—
28
,
19
68
Oc
to
be
r
5
-
13
,
19
71
No
ve
mb
er
15
-
23
,
19
69
Ma
y
12
—
22
,
19
73
Ap
ri
l
15
-
23
,
19
70
Ju
ne
15
—
27
,
19
73
Oc
to
be
r
28
Ju
ly
27
—
No
ve
mb
er
6,
19
70
Au
gu
st
7,
19
73
May 26 -
Ju
ne
2,
19
71
Se
pt
em
be
r
6
—
16
,
19
73
June 30 -
Ju
ly
7,
19
71
Oc
to
be
r
14
—
25
,
19
73
Ju
ne
7
-
19
,
19
76
No
ve
mb
er
14
—
28
,
19
73
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' Biochemical Stations
0 Master Stations Thunder Bay
Michipicoten
 
Ash
lan
d
Mun
isi
ng
 
OPE
N
WAT
ER
SE
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EN
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AND
MO
NI
TO
RI
NG
ST
AT
IO
NS
FOR LAKE SUPERIOR, The open waters do not include
nea
rsh
ore
are
as,
har
bou
rs,
and
emb
aym
ent
s.
Ope
n w
ate
rs
are
gen
era
lly
def
ine
d a
s t
hos
e w
ate
rs
mor
e t
han
abo
ut
3 k
m
offshore or with a depth greater than about 15 111. Therefore,
the open water segments do not extend to the shoreline;
FIGURE 5.3-1.
the
int
erv
eni
ng
nea
rsh
ore
seg
men
ts
are
sho
wn
in
Fig
ure
4.1
—1.
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bottom. During stratified conditions, sampling depths may have been altered so
that samples could be taken above, in, and below the thermocline.
Twenty-nine of these stations were sampled for major ions and trace elements.
The major ions include calcium, magnesium, sodium, potassium, sulphate, and
chloride.
The principal anion, bicarbonate, which is the chief component of the
alkalinity, is considered a biochemical station parameter. The trace elements
monitored in 1973 are cadmium, chromium, cobalt, copper, iron, lead, manganese,
mercury, nickel, and zinc.
Nineteen of these 29 stations were designated as
master stations and samples were taken for these analyses:
total phosphorus
(all depths sampled), total filtered phosphorus (all depths sampled), dissolved
organic carbon, particulate organic carbon, particulate nitrogen, total nitrogen,
conductivity, and pH.
Table 5.3—2 lists the number of biochemical stations, master stations, and
stations sampled for major ions and trace elements for each of the 14 open water
zones of Lake Superior plus Thunder Bay.
This sampling program was generally
adhered to, although there were some minor cruise-to—cruise changes.
Averages
for
each
zone
and
for
the whole
lake were
calculated
as
follows.
For all parameters, simple arithmetic averages
for the first ten metres - to
approximate the epilimnion — and for the layer from ten metres depth to the
bottom (hypolimnion) were calculated.
For the nutrients and oxygen, both area
and volume—weighted averages were calculated for the whole water column.
The methods of sampling, sample treatment and the analytical procedures
used
are
described
by
Philbert
and
Traversy
(2).
The
samples
for
dissolved
nutrients,
total
alkalinity,
major
ions,
and
trace
metals
were
filtered
through
0.45
pm
pore
size
Sartorius
cellulose
acetate
filters.
CHEMICAL LIMNOLOGY
MAJOR
IONS
AND
CONDUCTIVITY
The
lakewide
averages
of
major
ion
concentrations
as
measured
by
CCIW
in
the
years
1968
—
1973
are
shown
on
Figure
5.3-2
and
in
Table
5.3-3.
Except
where
indicated
by
the
error
bars,
one
standard
deviation
is
delimited
by
the
size of the symbol.
No
significant
differences
could
be
found
among
the
zonal
averages
or
between
the
epilimnion
and
hypolimnion
values.
The
only
exception
is
chloride
in
zone
7
near
Duluth,
which
is
significantly
higher
by
about
0.1
to
0.3
mg/l
than
the
concentration
in
zone
13.
Intermediate
average
concentrations
are
found
in
zones
8
and
9,
along
the
southwest
shore.
T
h
e
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e
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p
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b
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9
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B
e
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t
o
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C
a
l
l
e
n
d
e
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A
y
e
r
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(5);
P
a
r
k
e
r
,
e
t
al.
(6);
a
n
d
C
h
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n
d
l
e
r
(7).
M
a
n
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o
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,
e
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p
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l
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B
e
e
t
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,
a
l
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i
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SAMPLED FOR MAJOR IONs AND TRACE ELEMENTS,
AND THE NUMBER OF
MASTER STATIONS IN 1973
TABLE 5.3-2
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Potassium 0.5 (0.05) 12.7 1.4
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Conductivity 97.0 (5.0)b
      
a.
b.
The number in parantheses
which the average lies.
Units are uS/cm
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ad
is
in
fr
eq
ue
nt
ly
pr
es
en
t
ab
ov
e
it
s
de
te
ct
io
n
li
mi
t
of
l
Ug
fl
,
bu
t
is
ap
pa
re
nt
ly
ne
ar
th
at
co
nc
en
tr
at
io
n
in
th
e
la
ke
,
as
on
se
ve
ra
l
of
th
e
cr
ui
se
s
it
is
re
po
rt
ed
in
th
e
ra
ng
e
of
l
to
1.
8
ug
/Z
.‘
Ma
ng
an
es
e
is
pr
es
en
t
at
sl
ig
ht
ly
ab
ov
e
it
s
de
te
ct
io
n
li
mi
t,
in
th
e
ra
ng
e
of
0
.
3
t
o
0
.
4
u
g
/
L
Me
rc
ur
y
va
lu
es
ar
e
co
ns
is
te
nt
ly
lo
w,
in
th
e
ra
ng
e
0.
05
to
0.
1
Ug
/l
.
Ni
ck
el
co
nc
en
tr
at
io
ns
ar
e
lo
w,
in
th
e
ra
ng
e
1
to
3.
8
ug
/K
,
bu
t
th
e
da
ta
Sh
ow
so
me
wh
at
mo
re
sc
at
te
r
th
an
th
at
fo
r
ma
ny
ot
he
r
he
av
y
me
ta
ls
.
Th
e
re
as
on
is
no
t
kn
ow
n
bu
t,
as
fo
r
co
pp
er
,
th
e
va
ri
ab
il
it
y
ma
y
be
re
la
te
d
to
se
as
on
al
ch
an
ge
s,
to
th
e
pr
es
en
ce
of
ni
ck
el
in
re
gi
on
al
be
dr
oc
k,
or
to
co
nt
am
in
at
io
n.
Zi
nc
da
ta
sh
ow
a
hi
gh
de
gr
ee
of
sc
at
te
r,
me
an
s
ra
ng
in
g
fr
om
8
to
26
Ug
/l
in
19
73
.
Zi
nc
is
a
no
to
ri
ou
s
co
nt
am
in
an
t,
be
in
g
ub
iq
ui
to
us
ly
pr
es
en
t
in
th
e
en
vi
ro
nm
en
t.
Th
e
de
gr
ee
of
"c
on
ta
mi
na
ti
on
"
ap
pa
re
nt
ly
va
ri
es
ra
nd
om
ly
fr
om
cr
ui
se
to
cr
ui
se
.
Th
e
va
ri
at
io
ns
ar
e
du
e
to
ab
so
lu
te
sh
if
ts
in
th
e
bo
dy
of
th
e
da
ta
,
n
o
t
to
a
f
e
w
e
x
t
r
e
m
e
ou
tl
ye
rs
,
a
l
t
h
o
ug
h
th
es
e
oc
cu
r
as
we
ll
.
V
a
r
i
a
t
i
o
n
s
do
no
t
co
rr
el
at
e
at
al
l
wi
th
th
e
va
ri
at
io
ns
of
th
e
ot
he
r
he
av
y
me
ta
ls
th
at
ha
ve
be
en
me
as
ur
ed
.
As
th
er
e
is
no
lo
gi
ca
l
ex
pl
an
at
io
n
fo
r
th
e
la
ke
-w
id
e
zi
nc
co
n—
c
e
n
t
r
a
t
i
o
n
f
l
uc
t
ua
t
i
o
n
s
,
th
e
cr
ui
se
s
s
h
o
wi
n
g
th
e
lo
we
st
va
l
ue
s
m
us
t
b
e
a
s
s
um
e
d
to
co
me
cl
os
es
t
to
de
sc
ri
bi
ng
th
e
ac
tu
al
la
ke
co
nc
en
tr
at
io
ns
,
i.
e.
,
zi
nc
in
th
e
ra
ng
e
of
3
to
5
ug
/l
(1
97
0,
19
76
).
NUTRIENTS
T
h
e
p
r
e
s
e
n
t
(1
97
3)
l
a
k
e
-
w
i
d
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
of
n
u
t
r
i
e
n
t
s
in
L
a
k
e
S
u
p
e
r
i
o
r
a
ve
r
a
g
e
d
o
ve
r
a
y
e
a
r
ar
e:
n
i
t
r
a
t
e
—
0.
28
5
m
g
N/
l;
a
m
m
o
n
i
a
-
0.
00
5
m
g
N/
l;
d
i
s
s
o
l
v
e
d
r
e
a
c
t
i
v
e
s
i
l
i
c
a
t
e
—
2.
4
m
g
S
i
O
z/
R
;
t
o
t
a
l
p
h
o
s
p
h
o
r
u
s
-
“
0
.
0
0
4
m
g
P
/
Q
;
d
i
s
s
o
l
v
e
d
t
o
t
a
l
p
h
o
s
p
h
o
r
u
s
-
W
0
.
0
0
3
m
g
Pl
i;
d
i
s
s
o
l
ve
d
r
e
a
c
t
i
ve
p
h
o
s
p
h
a
t
e
s
-
m0.001 mg P/l.
L
a
k
e
-
w
i
d
e
c
r
u
i
s
e
a
v
e
r
a
g
e
s
a
s
o
b
t
a
i
n
e
d
b
y
C
C
I
W
f
o
r
t
h
e
e
p
i
l
i
m
n
i
o
n
a
n
d
fo
r:
t
h
e
w
h
o
l
e
w
a
t
e
r
c
o
l
u
m
n
f
o
r
1
9
7
3
a
r
e
p
l
o
t
t
e
d
in
F
i
g
u
r
e
5
.
3
-
5
.
A
l
l
of
t
h
e
p
a
r
a
—
m
e
t
e
r
s
s
h
o
w
s
e
a
s
o
n
a
l
c
y
c
l
e
s
.
A
s
w
o
u
l
d
b
e
e
x
p
e
c
t
e
d
,
s
u
r
f
a
c
e
v
a
l
u
e
s
of
n
i
t
r
a
t
e
a
n
d
r
e
a
c
t
i
v
e
S
i
l
i
c
a
t
e
d
e
c
r
e
a
s
e
d
u
r
i
n
g
t
h
e
g
r
o
w
t
h
s
e
a
s
o
n
a
n
d
a
m
m
o
n
i
a
i
n
c
r
e
a
s
e
s
.
A
n
u
n
e
x
p
l
a
i
n
e
d
b
u
t
w
e
l
l
—
d
o
c
u
m
e
n
t
e
d
(I
3)
p
h
e
n
o
m
e
n
o
n
,
i
n
a
t
l
e
a
s
t
o
n
e
o
t
h
e
r
G
r
e
a
t
La
ke
(O
nt
ar
io
)
is
th
e
ge
ne
ra
l
de
cr
ea
se
ov
er
th
e
su
mm
er
in
th
e
co
nc
en
tr
at
io
n
of
a
l
l
t
h
r
e
e
f
o
r
m
s
o
f
p
h
o
s
p
h
o
r
u
s
f
r
o
m
h
i
g
h
l
e
v
e
l
s
r
e
c
o
r
d
e
d
i
n
e
a
r
l
y
s
p
r
i
n
g
.
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3
1
0
Aco
mp
ut
er
pr
og
ra
m
wa
s
us
ed
to
pr
ep
ar
e,
fo
r
ea
ch
cr
ui
se
,
hi
st
og
ra
ms
of
al
l
va
lu
es
ly
in
g
wi
th
in
2
st
an
da
rd
de
vi
at
io
ns
of
th
e
me
an
;
th
e
pr
og
ra
m
li
st
ed
al
l
ot
he
r
va
lu
es
as
"o
ut
ly
er
s"
by
st
at
io
n
an
d
de
pt
h,
an
d
al
so
ca
lc
ul
at
ed
ne
w
me
an
s,
ex
cl
ud
in
g
th
es
e
"o
ut
ly
er
s"
.
Th
es
e
ar
e
re
fe
rr
ed
to
he
re
as
"r
ef
in
ed
"
me
an
s.
It
is
no
t
ea
sy
to
ex
pl
ai
n
th
e
va
ri
at
io
ns
in
la
ke
-w
id
e
me
an
co
nc
en
tr
at
io
ns
of
to
ta
l
ph
os
ph
or
us
re
po
rt
ed
in
19
73
.
Th
e
re
fi
ne
d
cr
ui
se
av
er
ag
es
ar
e:
Ma
y
-
7.
7
ug
/l
;
Ju
ne
-
5.
1
pg
/z
;
Ju
ly
to
Au
gu
st
-
4.
7'
ug
/2
;
Se
pt
em
be
r
-
7.
2
pg
/g
;
Oc
to
be
r
-
4.
8
ug
/i
;
No
ve
mb
er
—
5.
1
ug
/g
.
Hi
st
og
ra
ms
sh
ow
in
g
th
e
di
st
ri
bu
ti
on
of
to
ta
l
ph
os
ph
or
us
va
lu
es
fo
r
th
e
si
x
19
73
cr
ui
se
s
ar
e
sh
ow
n
in
Fi
gu
re
5.
3-
6.
Th
e
fo
ur
cr
ui
se
s
sh
ow
in
g
si
mi
la
r
me
an
va
lu
es
(J
un
e,
Ju
ly
-A
ug
us
t,
Oc
to
be
r,
an
d
No
ve
mb
er
)
ha
ve
si
mi
la
r-
ap
pe
ar
in
g
hi
st
og
ra
ms
.
Th
e
tw
o
cr
ui
se
s
re
po
rt
in
g
hi
gh
er
me
an
va
lu
es
sh
ow
pa
tt
er
ns
di
ff
er
en
t
fr
om
th
e
ot
he
r
fo
ur
:
th
er
e
is
a
sh
if
t
of
th
e
mo
st
co
mm
on
ly
ob
se
rv
ed
va
lu
es
to
a
hi
gh
er
le
ve
l,
an
d
a
mo
re
pr
on
ou
nc
ed
ta
il
in
g-
of
f
to
mo
re
nu
me
ro
us
ex
tr
em
el
y
hi
gh
va
lu
es
.
Th
is
ki
nd
of
di
st
ri
bu
ti
on
ma
y
in
di
ca
te
ge
ne
ra
l
co
nt
am
in
at
io
n
of
th
e
sa
mp
le
s.
Th
er
e
is
no
ob
vi
ou
s
in
te
rn
al
ev
id
en
ce
in
th
e
da
ta
fi
le
,
su
ch
as
ch
an
ge
s
in
me
an
co
nc
en
tr
at
io
n
of
ot
he
r
sp
ec
ie
s
or
ch
an
ge
s
in
th
ei
r
di
st
ri
bu
ti
on
pa
tt
er
ns
,
th
at
ca
n
be
ci
te
d
to
ex
pl
ai
n
th
e
va
ri
at
io
ns
in
to
ta
l
ph
os
ph
or
us
.
T
h
e
"
o
ut
l
ye
r
s
"
,
e
x
t
r
e
m
e
h
i
g
h
va
l
ue
s
of
to
ta
l
p
h
o
s
p
h
o
r
us
,
a
l
m
o
s
t
al
l
oc
cu
r
in
th
e
ne
ar
er
sh
or
e
op
en
wa
te
r
st
at
io
ns
,
es
pe
ci
al
ly
in
zo
ne
s
6,
7,
an
d
8
in
th
e
we
st
er
n
ar
m
of
th
e
la
ke
.
Ta
bl
e
5.
3—
6
sh
ow
s
by
zo
ne
th
e
nu
mb
er
of
th
e
hi
gh
ou
t—
ly
er
s
id
en
ti
fi
ed
fo
r
th
e
19
73
cr
ui
se
s
by
th
e
co
mp
ut
er
pr
og
ra
m
re
fe
rr
ed
to
ab
ov
e.
Th
e
ma
rk
ed
co
nc
en
tr
at
io
ns
of
hi
gh
to
ta
l
ph
os
ph
or
us
an
d
re
ac
ti
ve
si
li
ca
te
va
lu
es
in
zo
ne
7
(o
ff
Du
lu
th
—S
up
er
io
r
Ha
rb
or
)
ca
n
be
re
la
te
d
to
se
ve
ra
l
fa
ct
or
s:
th
e
di
sc
ha
rg
e
of
ta
co
ni
te
wa
st
es
at
Si
lv
er
Ba
y,
th
e
kn
ow
n
co
un
te
rc
lo
ck
wi
se
ci
rc
ul
at
io
n
pa
tt
er
n
in
th
at
ar
ea
,
an
d
di
sc
ha
rg
es
fr
om
Du
lu
th
-S
up
er
io
r
Ha
rb
or
.
Th
e
re
gi
on
of
th
e
la
ke
wi
th
an
as
so
ci
at
io
n
of
hi
gh
to
ta
l
ph
os
ph
or
us
,
ni
tr
at
e,
an
d
re
ac
ti
ve
si
li
ca
te
va
lu
es
is
zo
ne
1,
Wh
it
ef
is
h
Ba
y,
re
la
te
d
pe
rh
ap
s
to
th
e
so
me
wh
at
co
ns
tr
ic
te
d
co
nf
or
ma
ti
on
of
th
e
ba
y,
th
e
re
la
ti
ve
ly
hi
gh
(f
or
La
ke
Su
pe
ri
or
)
po
pu
la
ti
on
de
ns
it
y
ar
ou
nd
th
e
ba
y,
an
d
th
e
fa
ct
th
at
a
si
gn
if
ic
an
t
am
ou
nt
of
th
e
wa
te
r
in
fl
ow
to
th
e
ba
y
is
fr
om
ri
ve
r
di
sc
ha
rg
es
(B
at
ch
aw
an
a
Ri
ve
r,
On
ta
ri
o,
Be
ts
y
Ri
ve
r,
an
d
Ta
hq
ua
me
no
n
Ri
ve
r)
.
T
h
i
s
t
r
e
a
t
m
e
n
t
of
th
e
d
a
t
a
is
no
t
q
ua
n
t
i
t
a
t
i
ve
bu
t
po
in
ts
up
a
d
i
s
t
r
i
b
u
t
i
o
n
te
nd
en
cy
th
at
is
le
ss
ea
si
ly
se
en
wh
en
vo
lu
me
—w
ei
gh
te
d
me
an
co
nc
en
tr
at
io
ns
ar
e
computed.
H
i
s
t
o
r
i
c
a
l
d
a
t
a
a
r
e
s
u
m
m
a
r
i
z
e
d
b
y
C
a
l
l
e
n
d
e
r
(4
)
a
n
d
b
y
D
o
b
s
o
n
(
1
4
)
.
T
h
e
t
r
e
n
d
s
fo
r
n
i
t
r
a
t
e
,
t
o
t
a
l
p
h
o
s
p
h
o
r
us
,
an
d
r
e
a
c
t
i
ve
s
i
l
i
c
a
t
e
ar
e
s
h
o
wn
in
F
i
g
ur
e
5
.
3
-
7
;
t
h
e
s
e
a
r
e
t
h
e
o
n
l
y
p
a
r
a
m
e
t
e
r
s
f
o
r
w
h
i
c
h
t
h
e
r
e
a
r
e
at
l
e
a
s
t
15
y
e
a
r
s
of
data available.
If
th
e
ea
rl
ie
r
da
ta
ar
e
O
n
l
y
n
i
t
r
a
t
e
s
h
o
w
s
a
c
l
e
a
r
—
c
u
t
h
i
s
t
o
r
i
c
a
l
tr
en
d.
The drop of
re
li
ab
le
,
an
in
cr
ea
se
of
ab
ou
t
.0
03
3
mg
/g
pe
r
ye
ar
is
in
di
ca
te
d.
re
ac
ti
ve
si
li
ca
te
va
lu
es
fr
om
mo
re
th
an
3.
5
mg
/g
be
fo
re
19
58
to
ar
ou
nd
2.
25
mg
/z
is
mo
st
li
ke
ly
ca
us
ed
by
ch
an
ge
s
in
an
al
yt
ic
al
te
ch
ni
qu
es
.
CC
IW
-m
ea
su
re
d
re
ac
ti
ve
si
li
ca
te
co
nc
en
tr
at
io
ns
fr
om
2.
25
mg
/l
in
19
68
—
19
71
to
T
h
e
i
n
c
r
e
a
s
e
i
n
t
h
e
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0
-
[
/
h
l
ﬁ
w
0
1
0
0
—
 
O
NI
TR
AT
E
l
l
 
19
00
l
1
9
2
0
1
9
4
0
1
9
6
0
1
9
8
0
 
 m2
.4
mg
/z
in
19
73
is
as
cr
ib
ed
to
th
e
ch
an
ge
by
th
e
CC
IW
la
bo
ra
to
ry
fr
om
st
or
ag
e
0f
an
al
yt
ic
al
st
an
da
rd
s
an
d
sa
mp
le
s
in
gl
as
s
bo
tt
le
s
to
st
or
ag
e
in
te
fl
on
fl
as
ks
.
S
i
n
c
e
t
h
i
s
c
h
a
n
g
e
e
l
i
m
i
n
a
t
e
d
t
h
e
c
o
n
t
a
m
i
n
a
t
i
o
n
o
f
s
t
a
n
d
a
r
d
s
b
y
t
h
e
l
e
a
c
h
i
n
g
o
f
si
li
ca
te
fr
om
th
e
gl
as
s
fl
as
ks
(1
5)
,
th
e
hi
gh
er
19
73
re
su
lt
s
sh
ou
ld
be
ac
ce
pt
ed
.
Th
e
to
ta
l
ph
os
ph
or
us
va
lu
es
ar
e
mo
re
sc
at
te
re
d.
Th
e
tw
o
ea
rl
y
va
lu
es
ar
e
un
ex
pl
ai
ne
d
bu
t
ca
n
pr
ob
ab
ly
be
di
sm
is
se
d
as
be
in
g
to
o
hi
gh
.
Th
e
pr
e—
l9
69
da
ta
fr
om
CC
IW
sh
ou
ld
be
tr
ea
te
d
wi
th
ca
ut
io
n
be
ca
us
e
of
po
ss
ib
le
co
nt
am
in
at
io
n
by
th
e
Mi
ll
ip
or
e
fi
lt
er
s
th
en
us
ed
.
Th
e
re
su
lt
s
fo
r
19
70
—1
97
2
ar
e
be
tw
ee
n
0.
00
25
an
d
0.
00
4
mg
/R
,
bu
t
in
19
73
,
th
e
CC
IW
va
lu
es
we
re
ar
ou
nd
0.
00
5
mg
/%
.
A
su
rv
ei
l-
la
nc
e
of
La
ke
Su
pe
ri
or
du
ri
ng
19
76
ha
s
co
nf
ir
me
d
th
at
th
e
19
73
ph
os
ph
or
us
va
lu
es
ar
e
li
ke
ly
0.
00
1
to
0.
00
15
mg
/R
hi
gh
an
d
sh
ou
ld
be
so
in
te
rp
re
te
d.
Th
e
am
mo
ni
a
va
lu
es
ar
e
to
o
fe
w
an
d
to
o
va
ri
ab
le
to
dr
aw
an
y
co
nc
lu
si
on
s
about long—term trends.
O
X
Y
G
E
N
A
N
D
P
H
T
h
e
y
e
a
r
l
y
a
v
e
r
a
g
e
s
fo
r
1
9
7
3
fo
r
o
x
y
g
e
n
a
n
d
p
H
a
r
e
g
i
v
e
n
i
n
T
a
b
l
e
5
.
3
—
7
.
T
h
e
C
C
I
W
v
a
l
u
e
s
f
o
r
i
n
d
i
v
i
d
u
a
l
c
r
u
i
s
e
s
d
u
r
i
n
g
1
9
6
8
—
1
9
7
3
a
r
e
p
l
o
t
t
e
d
o
n
F
i
g
u
r
e
5.3-8.
T
h
e
o
X
y
g
e
n
d
a
t
a
a
r
e
i
n
g
o
o
d
a
g
r
e
e
m
e
n
t
.
T
h
e
l
a
k
e
r
e
m
a
i
n
s
e
s
s
e
n
t
i
a
l
l
y
s
a
t
u
r
a
t
e
d
w
i
t
h
o
x
y
g
e
n
;
t
h
e
p
e
r
c
e
n
t
s
a
t
u
r
a
t
i
o
n
f
o
r
t
h
e
w
h
o
l
e
l
a
k
e
d
r
o
p
s
b
e
l
o
w
o
n
e
h
u
n
d
r
e
d
o
n
l
y
i
n
N
o
v
e
m
b
e
r
.
T
h
e
a
v
e
r
a
g
e
p
e
r
c
e
n
t
s
a
t
u
r
a
t
i
o
n
f
o
r
t
h
e
w
h
o
l
e
c
o
l
u
m
n
i
s
1
0
1
.
5
i
2
.
1
%
.
H
o
w
e
v
e
r
,
a
r
e
a
s
o
f
o
x
y
g
e
n
d
e
p
l
e
t
i
o
n
d
o
o
c
c
u
r
d
u
r
i
n
g
A
u
g
u
s
t
-
S
e
p
t
e
m
b
e
r
i
n
Z
o
n
e
1.
V
a
l
u
e
s
a
s
l
o
w
a
s
9
4
%
o
f
s
a
t
u
r
a
t
i
o
n
w
e
r
e
o
b
s
e
r
v
e
d
.
W
i
t
h
p
H
,
t
h
e
r
e
i
s
a
d
e
f
i
n
i
t
e
d
i
v
e
r
g
e
n
c
e
b
e
t
w
e
e
n
t
h
e
d
i
f
f
e
r
e
n
t
y
e
a
r
s
.
W
h
e
r
e
a
s
b
e
f
o
r
e
1
9
7
3
t
h
e
r
e
i
s
n
o
e
v
i
d
e
n
t
s
e
a
s
o
n
a
l
v
a
r
i
a
t
i
o
n
,
i
n
1
9
7
3
e
p
i
l
i
m
n
i
o
n
p
H
s
h
o
w
e
d
a
s
i
g
n
i
f
i
c
a
n
t
i
n
c
r
e
a
s
e
o
v
e
r
t
h
a
t
o
f
t
h
e
d
e
e
p
e
r
w
a
t
e
r
.
TOXIC SUBSTANCES
W
a
t
e
r
,
s
e
s
t
o
n
,
a
n
d
s
e
d
i
m
e
n
t
s
a
m
p
l
e
s
w
e
r
e
c
o
l
l
e
c
t
e
d
o
n
a
c
r
u
i
s
e
d
u
r
i
n
g
J
u
l
y
2
9
-
A
u
g
u
s
t
6
,
1
9
7
4
i
n
L
a
k
e
S
u
p
e
r
i
o
r
a
t
s
t
a
t
i
o
n
s
s
h
o
w
n
o
n
F
i
g
u
r
e
5
.
3
-
9
.
T
h
e
W
a
t
e
r
s
a
m
p
l
e
s
w
e
r
e
c
o
l
l
e
c
t
e
d
a
t
a
d
e
p
t
h
o
f
o
n
e
m
e
t
r
e
,
s
t
o
r
e
d
,
r
e
f
r
i
g
e
r
a
t
e
d
,
e
x
t
r
a
c
t
e
d
a
n
d
a
n
a
l
y
z
e
d
b
y
g
a
s
c
h
r
o
m
a
t
o
g
r
a
p
h
y
(
1
6
)
.
T
h
e
s
p
e
c
i
e
s
s
o
u
g
h
t
a
n
d
t
h
e
i
r
q
u
a
n
t
i
f
i
c
a
t
i
o
n
l
i
m
i
t
s
a
r
e
s
h
o
w
n
i
n
T
a
b
l
e
5
.
3
-
8
.
N
o
t
r
a
c
e
s
o
f
a
n
y
o
r
g
a
n
o
p
h
o
s
p
h
o
r
u
s
p
e
s
t
i
c
i
d
e
s
w
e
r
e
f
o
u
n
d
i
n
t
h
e
f
i
l
t
e
r
e
d
w
a
t
e
r
s
a
m
p
l
e
s
.
I
t
m
a
y
b
e
c
o
n
c
l
u
d
e
d
t
h
a
t
t
h
e
s
e
"
a
r
e
e
i
t
h
e
r
n
o
t
b
e
i
n
g
a
p
p
l
i
e
d
i
n
Q
u
a
n
t
i
t
y
i
n
t
h
e
d
r
a
i
n
a
g
e
a
r
e
a
o
f
t
h
e
s
e
w
a
t
e
r
b
o
d
i
e
s
o
r
a
r
e
b
i
o
d
e
g
r
a
d
i
n
g
a
t
a
r
a
t
e
s
u
f
f
i
c
i
e
n
t
t
o
r
e
d
u
c
e
t
h
e
m
t
o
l
e
v
e
l
s
b
e
l
o
w
t
h
o
s
e
o
f
d
e
t
e
c
t
i
o
n
"
(
1
6
)
.
'
s
w
e
r
e
f
o
u
n
d
.
D
e
t
e
c
t
a
b
l
e
a
m
o
u
n
t
s
N
o
o
r
g
a
n
o
c
h
l
o
r
i
n
e
p
e
s
t
i
c
i
d
e
s
o
r
P
C
B
t
i
n
b
e
n
z
e
n
e
h
e
x
a
c
h
l
o
r
i
d
e
,
w
e
r
e
f
o
u
n
d
i
n
of
li
nd
an
e,
wh
ic
h
is
th
e
ac
ti
ve
co
mp
on
en
every water sample examined.
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 TABLE 5.3-7
ANNUAL AVERAGES 0F PH AND OXYGEN
IN LAKE SUPERIOR FOR 1973
 
 
PARAMETER YEARLY AVERAGE
Epilimnion Whole Column
Oxygen (mg/1) 12.06 (1.13)a 12.94 (0.53)
pH 8.02 (0.19) 7.91 (0.11)
 
 
 
 
a. The number in parentheses represents one standard deviation.
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TABLE
 
5.3-8
QUANTIFICATION LIMITS FOR ORGANOCHLORINE PESTICIDES;
ORGANOPHOSPHORUS PESTICIDES; AND POLYCHLORINATED BIPHENYLS
 
Quantification Limit
 
Compound Water
ug/l
Li
nd
an
e
0.
00
5
He
pt
ac
hl
or
0,
00
5
Heptachlor epoxide 0,005
Al
dr
in
0,
00
5
Dieldrin 0,005
Endrin 0.01
p,
p’
-D
_D
E
0.
00
5
p,
p'
-T
DE
0.
00
5
p.
29
'-
DD
T
0.
00
5
o,p'—DDT 0.005
d—Chiordane 0.01
B-Chlordane 0.01
G-Endosulfan 0.01
0—Endosulfan 0.01
P:P'-Methoxychlor 0-01
Phorate 0.003
Diazinon 0.005
Disulfoton 0.003
Ronnel 0.005
Methyl Parathion 0.005
Malathion 0.005
Parathion 0.005
Crufomate 0.025
Methyl Trithion 0.01
Et
hi
on
0.
00
5
Ca
rb
op
he
no
th
io
n
0.
01
Im
id
an
0.
05
Az
in
ph
os
me
th
yl
0.
05
Az
in
ph
os
et
hy
l
0.
05
Ph
os
ph
am
id
on
0.
03
Di
me
th
oa
te
0.
00
5
Fe
ni
tr
ot
hi
on
0.
00
5
PC
B'
S
0.
1
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 DISCUSSION
It was mentioned in the introduction that the following factors determine
the chemistry of Lake Superior: the geology of the drainage basin and the
climate which, together, determine the amount and nature of the chemical input
into the lake and, hence, its basic chemistry; man~made inputs; and biological
processes which determine the seasonal variations in the lake.
For a lake to be in equilibrium, the outputs must equal the inputs from
all sources. The historical data presented in the section as major ions strongly
suggest that, at least for these components, this is the case for Lake Superior.
It was pointed out in Chapter 5.1 that the concentration of any conservative
material in the lake will increase if the amount discharged annually via the
St. Marys River is less than 0.56% of the total amount in the lake. As the
lake volume is 11.92 x 1012m3, the discharge limit of non-degradation is
(66,750)(C) t/a, where C is the lake mean concentration in mg/z.
A budget for "total dissolved solids", chloride, dissolved reactive silicate,
total phosphorus, and total nitrogen has been presented in Chapter 3.1. This
budget shows inputs of all species under consideration as greatly exceeding
outputs (which were estimated as the mean concentration of each parameter in
the lake times the annual discharge).
NUTRIENTS
According to the estimates in Chapter 3.1, of total phosphorus
added, 90%
is retained within the lake, and similarly 77% of total nitrogen and 68% of
reactive silicates are retained.
Oligotrophic lakes normally retain large
proportions of added nutrients;
the sediment chemistry,
discussed in Chapter
5.2,
bears
this
out.
'
"TOTAL
DISSOLVED
SOLIDS"
AND
CHLORIDE
The
budget
shows
an
excess
of
input
over
output
for
these
species
as well,
specifically
39%
of
"total
dissolved
solids"
and
75%
of
chloride
are
retained.
The
contribution
to
"total
dissolved
solids"
is
mainly
made
by
inorganic
ions
-
calcium,
magnesium,
bicarbonate,
and
to
a
lesser
extent
sodium,
potas-
sium,
chloride,
and
sulfate
(Table
5.3-3).
As
it
is
known
that
Lake
Superior
is
undersaturated
with
respect
to
calcite
and
dolomite
(17),
it
is
difficult
(if
not
impossible)
to
conceive
of
a
mechanism
for
retention
of
large
amounts
of
calcium
and
bicarbonate.
Historical
data
(Figure
5.3-3)
show
no
tendency
for
major
ion
species
to
increase
or
decrease.
Similarly,
the
apparent
retention
of
75%
of
added
chloride
cannot
easily
be
explained.
If
the
estimated
annual
inputs
are
not
too
high
(as
they
well
may
be),
then
the
explanation
may
be
that
such
large
inputs
of
chloride
have
only
occurred
in
the
last
few
years,
too
recently
to
have
made
an
analytically
detectable
change
in
the
mean
concentration
of
chloride
in
the
lake.
There
are
some
data
(18)
showing
that
the
chloride
concentrations
in
the
St.
Louis
 
 Riv
er
hav
e i
ncr
eas
ed
mar
ked
ly
sin
ce
195
6.
How
eve
r,
the
re
is
no
evi
den
ce
sho
win
g
tha
t t
he
mea
n l
ake
con
cen
tra
tio
n o
f c
hlo
rid
e i
s t
end
ing
to
inc
rea
se
at
all
(Figures 5.3—2, 5.3-3).
A no
tabl
e ch
arac
teri
stic
of L
ake
Supe
rior
is t
hat
it r
ecei
ves
the
disc
harg
es
of no
major
tribu
tarie
s; i
nstea
d it
is fe
d by
numer
ous
small
river
s an
d str
eams
and receives more than half of its annual water input via direct precipitation.
Its
larg
est
trib
utar
y, t
he N
ipig
on R
iver
, c
arri
es a
lowe
r me
an c
once
ntra
tion
of
chloride than does the lake (19). The land drainage, to transport 212,000 t/a
of chloride to the lake, would have to have a mean chloride concentration of
4.3 mg/R, as distinguished from direct municipal, direct industrial, and shore
erosion loadings.
The
near
shor
e ch
emis
try
data
(Cha
pter
4) s
how
no c
hlor
ide
conc
entr
atio
ns
high
er t
han
2.8
mg/l
and
most
valu
es a
re l
ower
, r
angi
ng f
rom
0 to
2 mg
/k.
Ont
ari
o r
ive
r c
hem
ist
ry
dat
a,
sum
mar
ize
d i
n (
19)
sho
w l
ow
chl
ori
de
con
cen
tra
tio
ns,
exc
ept
whe
re
str
eam
s a
re
con
tam
ina
ted
by
mun
ici
pal
or
ind
ust
ria
l d
isc
har
ges
.
LAKE MODEL
Kra
mer
(20
) h
as
dev
elo
ped
an
equ
ili
bri
um
mod
el
for
the
che
mis
try
of
the
Gre
at
Lak
es.
The
cal
cul
ate
d c
onc
ent
rat
ion
s f
or
Lak
e S
upe
rio
r a
re
hig
her
tha
n
the
act
ual
one
s.
He
poi
nts
out
, h
owe
ver
,
tha
t t
he
inp
ut
fro
m t
he
tri
but
ari
es,
whi
ch
con
tai
n "
sat
ura
ted
" w
ate
r,
is
dil
ute
d b
y p
rec
ipi
tat
ion
whi
ch
con
tai
ns
onl
y s
mal
l q
uan
tit
ies
of
dis
sol
ved
mat
ter
.
The
cal
cul
ate
d c
onc
ent
rat
ion
s,
the
ref
ore
,
sho
uld
be
cor
rec
ted
by
the
fac
tor
lan
d d
rai
nag
e/(
lan
d d
rai
nag
e +
pre
cip
ita
tio
n).
Usi
ng
the
fig
ure
s f
rom
Cha
pte
r 5
.1,
the
dil
uti
on
fac
tor
is
0.4
5.
The
mod
ifi
ed
con
cen
tra
tio
ns
are
com
par
ed
wit
h t
he
act
ual
one
s i
n T
abl
e
5.3
-9.
The
goo
d a
gre
eme
nt
sug
ges
ts
tha
t t
he
maj
or
ion
che
mis
try
in
the
lak
e i
s
governed basically by mineral water-equilibria.
NUTRIENT DEPLETION
Th
e
ma
xi
mu
m
su
mm
er
ti
me
de
pl
et
io
n
in
th
e
ep
il
im
ni
on
of
re
ac
ti
ve
si
li
ca
te
,
to
ta
l
ph
os
ph
or
us
,
an
d
to
ta
l
di
ss
ol
ve
d
ph
os
ph
or
us
(F
ig
ur
e
5.
3-
10
)
in
th
e
fo
ur
te
en
op
en
-w
at
er
zo
ne
s
ar
e
pl
ot
te
d
as
fu
nc
ti
on
s
of
to
ta
l
an
nu
al
pr
od
uc
ti
on
in
th
e
zo
ne
s
(2
1)
;
an
ap
pr
ox
im
at
el
y
di
re
ct
li
ne
ar
re
la
ti
on
sh
ip
is
ev
id
en
t.
Th
is
re
la
ti
on
sh
ip
is
no
t
so
ap
pa
re
nt
fo
r
di
ss
ol
ve
d
re
ac
ti
ve
ph
os
ph
at
es
an
d,
in
th
e
ca
se
of
ni
tr
at
e,
it
is
pr
ob
ab
ly
no
n—
ex
is
te
nt
,
al
th
ou
gh
an
in
ve
rs
e
re
la
ti
on
sh
ip
can be imagined.
O
n
t
h
e
o
t
h
e
r
h
a
n
d
,
t
h
e
a
n
n
u
a
l
p
r
o
d
u
c
t
i
o
n
is
l
i
n
e
a
r
l
y
d
e
p
e
n
d
e
n
t
o
n
t
h
e
a
ve
r
a
g
e
r
e
a
c
t
i
v
e
s
i
l
i
c
a
t
e
an
d
to
ta
l
p
h
o
s
p
h
o
r
us
c
o
n
c
e
n
t
r
a
t
i
o
n
s
(F
ig
ur
e
5.
3-
11
)
bu
t
ev
id
en
tl
y,
in
de
pe
nd
en
t
of
th
e
ni
tr
at
e
co
nc
en
tr
at
io
n.
Th
us
,
th
e
nu
tr
ie
nt
s
an
d
th
e
p
h
y
t
o
p
l
a
n
k
t
o
n
in
th
e
la
ke
f
o
r
m
pa
rt
s
of
an
i
n
t
e
r
d
e
p
e
n
d
e
n
t
un
it
.
T
h
e
p
h
y
t
o
p
l
a
n
k
t
o
n
b
i
o
m
a
s
s
i
n
a
l
m
o
s
t
a
l
l
z
o
n
e
s
r
e
a
c
h
e
s
a
m
a
x
i
m
u
m
i
n
t
h
e
mo
nt
hs
of
Au
gu
st
to
Se
pt
em
be
r,
al
th
ou
gh
pe
ak
s
as
la
te
as
Oc
to
be
r
ar
e
al
so
ob
se
rv
ed
(2
1)
.
Th
e
ex
ce
pt
io
n
is
zo
ne
7
wh
er
e
th
e
hi
gh
es
t
va
lu
es
oc
cu
r
in
Ju
ne
.
Ni
tr
at
e
an
d
re
ac
ti
ve
si
li
ca
te
ha
ve
mi
ni
mu
m
va
lu
es
in
th
e
sa
me
mo
nt
hs
or
so
on
af
te
r.
Am
mo
ni
a
re
ac
he
s
a
ma
xi
mu
m
at
th
e
sa
me
ti
me
.
Ph
os
ph
or
us
ha
s
hi
gh
va
lu
es
in
sp
ri
ng
an
d
de
cl
in
es
to
st
ea
dy
va
lu
es
by
Ju
ly
in
19
73
,
bu
t
a
si
mi
la
r
de
cl
in
e
is
no
t
ap
pa
re
nt
in
da
ta
fr
om
pr
ev
io
us
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 TABLE 5.3-9
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m
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e
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9)
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FIGURE 5 3-10 MAXIMUM
SUMMERTIME DEPLETION (CONCEN—
TRATION IN SPRING MINUS MINIMUM
CONCENTRATION IN SUMMER) IN
EPILIMNION OF LAKE SUPERIOR FOR
REACTIVE SILICATE, TOTAL
PHOSPHORUS, DISSOLVED TOTAL
PHOSPHORUS, DISSOLVED REACTIVE
PHOSPHATES, AND NITRATE AS A
FUNCTION OF TOTAL ANNUAL
PRODUCTION.
   
 A
n
n
u
a
l
P
r
o
d
u
c
t
i
o
n
(
9
C
/
m
2
)
A
n
n
u
a
l
P
r
o
d
u
c
t
i
o
n
(
g
C
/
m
z
)
50-
   
O I I I I I I I I
50-
0
O 5
Average Total Phosphorus (ug P/l
1b
)
0
1
O
1
a
m
A
n
n
u
a
l
P
r
o
d
u
c
t
i
o
n
(
9
0
/
m
2
)
  
T89
"1 12 ‘0 3 13
 
T
2.3 is
Average Reactive Silicate (mgSiOgll)
FIGURE 5.3-11!
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ANNUAL PRODUCTION AS A FUNCTION OF AVERAGE REACTIVE
S I LI CATE, TOTAL PHOSPHORUS;
AND NITRATE CONCENTRATIONS
IN THE EPILIMNION OF LAKE SUPERIOR.
Numbers correspond
to open water segments given in Figure 5.3—1; TB = Thunder Bay.
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th
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t
to
de
te
rm
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e
th
e
ex
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t
ti
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en
th
ey
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t
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ea
r
th
at
th
e
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xi
mu
m
de
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cu
r
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e
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e
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e
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the
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ima
in
the
bio
mas
s.
A s
imi
lar
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ati
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bet
wee
n
chl
oro
-
ph
yl
l
a
an
d
de
pl
et
io
n
of
nu
tr
ie
nt
s
is
ev
id
en
t
fr
om
th
e
da
ta
in
Wa
ts
on
,
Ni
ch
ol
so
n,
and Culp (22).
Th
e
dr
op
in
th
e
ox
yg
en
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nc
en
tr
at
io
n
in
th
e
ep
il
im
ni
on
is
ch
ie
fl
y
a
ph
ys
—
ic
al
ef
fe
ct
ca
us
ed
by
th
e
in
cr
ea
si
ng
te
mp
er
at
ur
e
wh
ic
h
de
cr
ea
se
s
th
e
ox
yg
en
so
lu
bi
li
ty
.
Si
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e
th
e
la
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nn
ot
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ra
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dl
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e
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e
in
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se
s,
th
e
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yg
en
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at
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n
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s
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e
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ra
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at
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ig
ht
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e
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si
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e
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yt
op
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nk
to
n
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s
ca
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on
di
ox
id
e
and
,
he
nc
e,
in
cr
ea
se
s
th
e
pH.
Th
e
ma
xi
mu
m
al
so
co
in
ci
de
s
wi
th
th
e
pr
od
uc
ti
on
ma
xi
mu
m
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Se
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em
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BA
SE
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EP
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NI
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EM
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Y
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LA
KE
SU
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RI
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Fi
gu
re
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5.
3-
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,
an
d
5.
3—
13
an
d
Ta
bl
es
5.
3-
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an
d
5.
3—
11
su
mm
ar
iz
e
th
e
av
ai
la
bl
e
in
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rm
at
io
n
an
d
pr
es
en
t
th
e
co
nc
en
tr
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io
ns
of
th
e
to
ta
l
ph
os
ph
or
us
,
ni
tr
at
e,
si
li
ca
te
,
ch
lo
ri
de
,
sp
ec
if
ic
co
nd
uc
ta
nc
e,
an
d
me
an
ve
rt
ic
al
ex
ti
nc
ti
on
co
ef
fi
ci
en
t
be
li
ev
ed
to
be
re
pr
es
en
ta
ti
ve
of
th
e
ep
il
im
ni
on
of
La
ke
Su
pe
ri
or
.
Th
e
me
an
,
ma
xi
mu
m,
an
d
mi
ni
mu
m
ba
se
d
on
th
e
cr
ui
se
av
er
ag
es
an
d
nu
mb
er
of
cr
ui
se
s
co
ns
id
er
ed
ar
e
in
cl
ud
ed
in
th
e
fi
gu
re
s.
Ea
ch
cr
ui
se
av
er
ag
e
is
ba
se
d
on
se
ve
ra
l
st
at
io
n
sa
mp
le
s.
Al
l
da
ta
pr
es
en
te
d
in
th
es
e
fi
gu
re
s
ar
e
su
bj
ec
t
to
th
e
re
st
ri
ct
io
ns
an
d
qu
al
if
ic
at
io
ns
as
di
sc
us
se
d
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ov
e
bu
t
ar
e
be
li
ev
ed
to
re
pr
es
en
t
th
e
be
st
es
ti
ma
te
of
th
e
ba
se
li
ne
co
nd
it
io
ns
of
La
ke
Su
pe
ri
or
in
19
73
.
Th
e
to
ta
l
ph
os
ph
or
us
va
lu
es
ar
e
su
bj
ec
t
to
th
e
un
ce
rt
ai
nt
ie
s
di
sc
us
se
d
un
de
r
nu
tr
ie
nt
s
an
d
ar
e
be
li
ev
ed
to
be
to
o
hi
gh
by
an
am
ou
nt
eq
ua
l
to
fr
om
0.001 to 0.0015 ug/Z.
SUMMARY
(1
)
Th
e
wa
te
rs
of
La
ke
Su
pe
ri
or
ar
e
ve
ry
ho
mo
ge
ne
ou
s
bo
th
ve
rt
ic
al
ly
and horizontally.
(2
)
Th
e
on
ly
re
gi
on
wh
er
e
th
e
wa
te
r
ch
em
is
tr
y
di
ff
er
s
co
ns
is
te
nt
ly
fr
om
th
at
of
th
e
mi
d-
la
ke
re
gi
on
is
th
e
we
st
er
n
an
d
ne
ar
Du
lu
th
—S
up
er
io
r
H
a
r
b
o
r
.
In
th
e
d
i
s
c
us
s
i
o
n
of
n
e
a
r
s
h
o
r
e
n
ut
r
i
e
n
t
ch
em
is
tr
y,
C
h
a
p
t
e
r
4,
th
e
h
i
g
h
e
s
t
va
l
ue
s
of
to
ta
l
ph
os
ph
or
us
ar
e
r
e
p
o
r
t
e
d
fo
r
n
e
a
r
s
h
o
r
e
zo
n
e
F,
th
e
e
xt
r
e
m
e
an
d
of
th
e
we
s
t
e
r
n
ar
m.
H
i
g
h
e
s
t
m
e
a
n
va
l
ue
s
fo
r
t
o
t
a
l
n
i
t
r
o
g
e
n
,
r
e
a
c
t
i
v
e
s
i
l
i
c
a
t
e
,
a
n
d
c
h
l
o
r
o
p
h
y
l
l
a
a
r
e
a
l
s
o
re
po
rt
ed
fo
r
th
is
zo
ne
.
(3
)
N
o
s
e
a
s
o
n
a
l
c
y
c
l
e
s
c
a
n
b
e
c
l
e
a
r
l
y
d
e
m
o
n
s
t
r
a
t
e
d
to
e
x
i
s
t
f
o
r
t
h
e
m
a
j
o
r
i
o
n
s
o
r
m
o
s
t
of
th
e
t
r
a
c
e
m
e
t
a
l
s
,
w
i
t
h
t
h
e
p
o
s
s
i
b
l
e
e
x
c
e
p
t
i
o
n
o
f
c
o
p
p
e
r
.
O
f
t
h
e
n
u
t
r
i
e
n
t
s
,
o
n
l
y
n
i
t
r
a
t
e
a
n
d
r
e
a
c
t
i
v
e
s
i
l
i
c
a
t
e
ca
n
be
sh
ow
n
to
ha
ve
se
as
on
al
cy
cl
es
.
(4
)'
T
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
o
f
m
a
j
o
r
i
o
n
s
h
a
s
r
e
m
a
i
n
e
d
c
o
n
s
t
a
n
t
s
i
n
c
e
t
h
e
b
e
g
i
n
n
i
n
g
o
f
t
h
e
c
e
n
t
u
r
y
.
T
h
e
q
u
a
l
i
t
y
a
n
d
s
c
a
r
c
i
t
y
o
f
d
a
t
a
f
o
r
t
h
e
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SPECIES
COMPOSITION
AND
SEASONAL
ABUNDANCE
PHYTOPLANKTON
Species composition, cell counts, and biomass estimates of phytoplankton
were made from collections of surface samples (0—20 m) at 40 stations across
the lake, from six cruises between May and December, 1973. Detailed species
composition was determined at 24 stations (7); Figure 5.4-1 depicts the
groups found.
Phytoplankton groups present included blue-greens, greens,
chrysomonads, cryptomonads, and dinoflagellates with cryptomonads, diatoms,
and chrysomonads predominating. Table 5.4—1 lists the 47 most dominant species,
out of a total of 250 identified, by season for 8 stations which are representa-
tive
of
the
open
waters
of
Lake
Superior.
In general the phytoplankton is characterized by the high number of
species per sample and the exceedingly sparse standing stock biomass.
Of the
approximately 250 species found,
about one—fifth occurred
in sufficient
numbers to be considered dominants (7).
In contrast
to the Lower Lakes, most
species occurred over wide areas and for extended periods of time at relatively
uniform densities.
All of these characteristics are indicative of a stable,
undisturbed community.
This corroborates the more limited findings of other
previous studies
(4).
Differences which occur are largely nearshore-open
water,
with
a
greater
number
of
species
of
diatoms
inshore
and
in
the
western
end,
and
of
chrysomonads
offshore.
ZOOPLANKTON
Lakewide
zooplankton
species
composition
and
abundance were
derived
from
100
m
vertical
net
hauls
at
80
stations.
Numbers
of
occurrences
by
cruise
for
each
of
the
23
species
recorded
are
given
in
Table
5.4-2.
All
the
species
present
are
members
of
the
crustacean
plankton
community
common
to
the
other
Laurentian
Great
Lakes
(2).
However,
calanoid
copepods,
especially
Limnocalanus,
Diaptomus
sicilis,
and
D.
Ashlandi,
predominate
more
strongly
than
in
the
other
lakes,
and
cyclopoid
and
cladoceran
species
are
less
abundant
and
restricted
in
space
or
time.
Most
species,
whether
widespread
or
restricted
to
nearshore
waters,
are
large
and
appear
to
have
one
or
only
a
few
generations
per
year,
and
many
of
the
widespread
calanoids
appear
to
be
long—lived
as
adults.
Some
forms
mature
in
the
fall
and
over
the
winter.
Others
appear
to
mature
in
the
early
spring
and
still
others,
especially
cladocerans,
appear
to
develop
each
spring
from
resting
stages.
Crustacean
zooplankton
concentrations
in
Lake
Superior
are
sparse
in
comparison
to
the
other
lakes
but
are
distributed
to
much
greater
depths.
Limited
sampling
indicates
relatively
uniform
concentrations
down
to
about
200
m
in
deeper
parts
of
the
lake.
Seasonal
changes
in
numbers
in
Lake
Superior
are
less
dramatic
than
in
other
lakes
in
the
system,
reflecting
low
abundance
of
forms
with
short
life-cycles.
Lakewide
low
Values
early
in
the
growth
season
approach
2000
individuals/m3,
similar
to
water
column
numbers
in
Lakes
Ontario
and
Huron,
but
increase
to
only
4000/m3
by
September,
far
short
of
the
60,000/m3
maximum
in
Lake
Ontario
or
the
values
in
excess
of
200,000/m3
found
in
Lake
Erie.
However,
total
numbers
of
organisms
in
the
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SPECIES
June
Jul-Aug.
Sept. Oct.
Nov.
Blue—green algae
Aphanocapsa elachista w. & 6.8. West
A.
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st
a
va
r.
pl
an
ct
0n
ic
a
G.
M.
Sm
it
h
A. pulchara (Kg.) Rbh.
Aphanothece cZathrata West & West
A. clathrata var. brevis Bachm.
CWroococcua dispersua (Keissl.) Lemm.
C. dispersue var. minor G.M. Smith
Green algae
alrteria sp.
Chlamydomonas up.
ChloreZZa sp.
Crucigenia quadrata Morten
Gloeocystia sp. .
Pedinomonae minutisaima Skuja
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Chrysomonads
Chromulina sp.
Chrysocapaa sp.
Chryaochromulina parva Lackey
Dinobryon bavaricm Imhof.
D. divergens Imhof.
D. aertularia E.
D. aociale E.
Kephyrion Littorale Lund
Kephyrion sp.
Ochromorlaa app.
0. aphagnalis Conrad
Stelexomonae dichotoma
Stelaxomonaa sp.
Diatoms
Achnanthea minutiseima Kﬁtz
Asterionella fbrmosa Hess.
cyclotella gZamerata Bachm
C. atelligera Cl & Grﬁn
C. ocelZata Pant .
fragilaria crotonensis (Edw.) Kitten
Meloaira granulata (E.) Ralfs
Ehizosolenia eriensis H.L. Smith
Stephanodiscus astrea var.m£nutu1a (Kg.) Grﬁn
JubeZZaria fénestrata (Lyngb.) Kg.
Cryptumonads
Cryptanonaa erosa E.
Cryptomonas sp.
Xatablepharis ovaZie Skuja
Katablepharis sp.
Hhodomonas minuta Skuja
R. minuta var. nannoplanctica Skuja
Gymnodinium sp.
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which the species comprised greater than 52
 
  
 
w
a
t
e
r
c
o
l
u
m
n
u
n
d
e
r
a
s
q
u
a
r
e
m
e
t
r
e
i
n
t
h
e
l
a
k
e
s
,
o
f
t
e
n
a
r
e
m
o
r
e
c
o
m
p
a
r
a
b
l
e
i
n
al
l
t
h
e
l
a
k
e
s
b
e
c
a
u
s
e
of
t
h
e
g
r
e
a
t
e
r
d
e
p
t
h
a
n
d
d
e
e
p
e
r
d
i
s
t
r
i
b
u
t
i
o
n
of
a
n
i
m
a
l
s
i
n
L
a
k
e
S
u
p
e
r
i
o
r
(
2
)
.
A
n
o
t
h
e
r
c
r
u
s
t
a
c
e
a
n
z
o
o
p
l
a
n
k
t
o
n
s
p
e
c
i
e
s
o
f
l
a
r
g
e
s
i
z
e
w
h
i
c
h
i
s
w
i
d
e
l
y
d
i
s
t
r
i
b
u
t
e
d
i
n
L
a
k
e
S
u
p
e
r
i
o
r
i
s
M
y
s
i
s
r
e
l
i
c
t
a
L
o
v
e
n
.
I
t
i
s
d
i
f
f
i
c
u
l
t
t
o
s
a
m
p
l
e
q
u
a
n
t
i
t
a
t
i
v
e
l
y
w
i
t
h
t
h
e
r
e
s
t
o
f
t
h
e
p
l
a
n
k
t
o
n
b
e
c
a
u
s
e
s
o
m
e
o
f
t
h
e
p
o
p
u
l
a
t
i
o
n
m
a
y
r
e
s
i
d
e
i
n
t
h
e
b
o
t
t
o
m
m
u
d
f
o
r
p
a
r
t
o
f
t
h
e
d
a
y
.
H
o
w
e
v
e
r
,
s
t
u
d
i
e
s
p
e
r
f
o
r
m
e
d
i
n
1
9
7
1
i
n
d
i
c
a
t
e
w
i
d
e
s
p
r
e
a
d
d
i
s
t
r
i
b
u
t
i
o
n
,
a
p
p
r
e
c
i
a
b
l
e
b
i
o
m
a
s
s
,
a
n
d
a
t
w
o
y
e
a
r
l
i
f
e
-
c
y
c
l
e
i
n
t
h
e
l
a
k
e
(3
).
BENTHOS
B
e
n
t
h
i
c
o
r
g
a
n
i
s
m
s
w
e
r
e
sa
mp
le
d
on
a
ba
si
c
10
k
m
gr
id
at
38
2
s
t
a
t
i
o
n
s
o
v
e
r
t
h
e
l
a
k
e
i
n
J
u
n
e
-
J
u
l
y
,
1
9
7
3
(8
).
T
a
b
l
e
5
.
4
—
3
l
i
s
t
s
t
h
e
s
p
e
c
i
e
s
p
r
e
s
e
n
t
a
n
d
t
h
e
n
u
m
b
e
r
of
s
t
a
t
i
o
n
s
at
w
h
i
c
h
e
a
c
h
o
c
c
u
r
r
e
d
.
P
o
n
t
o
p
o
r
e
i
a
a
f
f
i
n
i
s
,
a
b
e
n
t
h
i
c
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c
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c
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c
e
n
t
r
a
t
i
o
n
s
i
n
t
h
e
w
a
t
e
r
c
o
l
u
m
n
w
e
r
e
a
l
s
o
d
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i
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p
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c
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 1 TABLE 5.4-2
CRUSTACEAN ZOOPLANKTON SPECIES FOUND IN THE OPEN WATERS OF LAKE SUPERIOR IN 19738
 
CRUISE
SPECIES
May
June
Jul—Aug.
Sept.
Oct.
Nov—Dec.
Cladocerans
Bosmina Zongirostris (O.F.M.) 6 17 55 71 56 3
Eubosmina coregon
i Baird
_ _
2 _
2
Daphnia retrocurva Forbes
3 15 40 1 4
Daphnia Zongiremis
- l 3 7 4
Daphnia galeata mendotae Birge
15
11
55
73
65
7
Chydorus sphaericus (O-F-M-)
-
Diaphanosoma Zeuctenbergianum Fischer
—
Holopedium gibberum Zad
—
Lepto
dora
kindt
ii (
Forbe
)
—
Polyphemus pediculus
(L.)
-
Sida crystallina
'
N
H
I
N
M
H
M
l
lI
14
49
24
m
l
'
\
‘
2
0
‘
I
Q
N
H
34
16
-
_
3
3
6
I
M
QN
l
l
Cyclopoids
Diacyclops bicuspidatus thomasi Forbes
78
78
63
78
23
14
Acanthocyclops vernalis Fischer
1
5
13
32
17
fropocyclops prasinus memicanus Keifer
—
—
—
-
2
Mbsocyclops edax (Forbes)
-
1
3
—
5
Calanoids
"
N
H
Limnocalanus
macrurus
Sars
76
80
76
76
65
'
80
3
Diaptomus
sicilis
Forbes
77
80
75
78
66
80
‘
Diaptomus
ashlandi
Marsh
78
78
79
75
65
80
Diaptomus
oregonensis
Lillj,
—
2
6
Diaptomus
minutus
Lillj.
1
35
13
Diaptomus
siciloides
Lillj,
—
—
—
1
Epischura
Zacustris
Forbes
—
19
54
40
Eurytemora
affinis
(Poppe)
-
-
-
SeneceZZa
calanoides
Juday
.30
4
21
1
\
‘
I
'
N
\
‘
I
’
O
\
l
u
—
i
l
N
r
—
i
q
I
I
n
l
l
e
       
a.
"The
numbers
represent
the
number
of
stations
out
of
80
at
which
these
species
were
present
except for October when 66 stations were visited.
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FIGURE 5.4-2-
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SUPERIOR 1973I As wet weight, estimated from cell counts
at 24 stations.
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 This bimodal seasonal abundance is evident for total biomass when area
weighted means are examined by open water lake zones as shown in Figure 5.4-3;
(the zones are shown in Figure 5.3-1). This pattern shown most clearly in
the southern open water zones where a pulse of phytoplankton appears from
mid—June to late July, possibly behind the thermal bar, followed by a second
pulse in late October. Phytoplankton biomass in zones of the western end of
the lake shows little evidence of a mid—summer minimum with a broad summer
biomass peak. This occurs earlier in the large bays, Thunder Bay, and the
Duluth arm (zone 7). In the eastern and the northeastern open water zones
(2, 3, 4, and 13) phytoplankton biomass is low and seems to build up to a
single summer peak.
It should be emphasized that phytoplankton biomass in Lake Superior is
low compared to the published information for the other Great Lakes (10).
Maximum biomass of 0.5 g/m3 in Whitefish Bay shouldbe compared to maxima of
8.5 g/m3 reported for Lake Ontario, 13.5 g/m3 for Lake Erie, and 17.5 g/m3
for Lake Huron (Saginaw Bay). Regional mean values from 6 cruises on Lake
Superior range from close to 150 mg/m3 for Whitefish Bay, Duluth, the south-
west shore (zones 1, 7, 8, and 9), and Thunder Bay to 50 mg/m3 or less for
the central and northeastern portions of the east half of the lake (zones 2,
3, 10, and 13) (Figure 5.4-4).
It should be noted that these and other estimates of phytoplankton
biom
ass
are
base
d on
samp
les
coll
ecte
d fr
om s
urfa
ce t
o 20
m de
pth
and
may
give erroneous estimates of material present in the total water column during
peri
ods
of s
trat
ific
atio
n.
For
exam
ple,
tran
smis
some
ter
trac
es a
lert
ed
Wats
on,
Thom
pson
, a
nd E
lder
(11)
to a
subt
herm
ocli
ne c
once
ntra
tion
of p
hyto
—
pla
nkt
on
bio
mas
s a
t d
ept
hs
fro
m 2
5-3
5 m
ove
r m
uch
of
the
cen
tra
l p
ort
ion
of
the
lak
e d
uri
ng
Sep
tem
ber
, 1
973.
Sim
ila
r d
eep
phy
top
lan
kto
n c
onc
ent
rat
ion
s
hav
e b
een
rec
ord
ed
in
the
Dul
uth
arm
of
the
lak
e b
y P
utn
am
and
Ols
on
(5)
for
other years.
Chl
oro
phy
ll
a c
ont
ent
of
the
top
20
m w
as
mea
sur
ed
by
Wat
son
,
Nic
hol
son
,
and
Culp
(12)
at 1
44 s
tati
ons
acro
ss t
he l
ake
as a
seco
nd e
stim
ate
of p
hyto
—
pla
nkt
on
bio
mas
s a
nd
in
ver
tic
al
pro
fil
es
at
20
"ma
ste
r s
tat
ion
s"
in
the
dee
p
wat
er
por
tio
ns
of
the
lake
.
Fin
din
gs
are
sho
wn
in
Fig
ure
5.4
-5.
Con
cen
—
tra
tio
ns
gen
era
lly
inc
rea
sed
fro
m l
ow
spr
ing
val
ues
of
abo
ut
0.7
mg/
m3
to
lak
ewi
de
mea
ns
of
abo
ut
1.5
mg/
m3
in
Oct
obe
r.
Ear
ly
in
the
sum
mer
, n
ear
sho
re
val
ues
fre
que
ntl
y
exc
eed
ed
off
sho
re
val
ues
whi
le
lat
er
in
the
sea
son
the
opposite was true.
Pa
rt
ic
ul
at
e
or
ga
ni
c
ca
rb
on
an
al
ys
es
(F
ig
ure
5.
4-
6)
we
re
al
so
pe
rf
or
me
d
at
man
y
of
the
se
sta
tio
ns
and
sev
era
l
pre
lim
ina
ry
ana
lys
es
of
the
se
var
iab
les
hav
e b
een
mad
e b
y H
alf
on
(13
)
and
by
El
Sha
ara
wi
and
Mun
awa
r
(14
).
The
se
as
on
al
pa
tt
er
n
of
pa
rt
ic
ul
at
e
or
ga
ni
c
ca
rb
on
is
co
mp
ar
ed
wi
th
ch
lo
ro
ph
yl
l
a
an
d
Ph
yt
op
la
nk
to
n
in
Fi
gu
re
5.
4-
7.
Th
es
e
st
ud
ie
s
in
di
ca
te
th
at
su
rf
ac
e
Va
lu
es
of
ph
yt
op
la
nk
to
n
bi
om
as
s
(b
y
id
en
ti
fi
ca
ti
on
,
en
um
er
at
io
n,
an
d
me
as
ur
e—
me
nt
),
ch
lo
ro
ph
yl
l
a,
an
d
pa
rt
ic
ul
at
e
ca
rb
on
ar
e
si
gn
if
ic
an
tl
y
co
rr
el
at
ed
across the lakes on most cruiSes.
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 Whi
le
thi
s t
ype
of
rel
ati
ons
hip
wou
ld
be
exp
ect
ed
if
mos
t o
f t
he
par
-
ti
cu
la
te
or
ga
ni
c
ma
tt
er
in
th
e
la
ke
we
re
ph
yt
op
la
nk
to
n,
an
ex
am
in
at
io
n
of
th
e
ra
ti
os
be
tw
ee
n
th
e
th
re
e
va
ri
ab
le
s
su
gg
es
ts
th
at
ab
so
lu
te
va
lu
es
fo
r
at
le
as
t
on
e
ar
e
qu
es
ti
on
ab
le
.
Fr
es
h
we
ig
ht
of
ph
yt
op
la
nk
to
n
is
ge
ne
ra
ll
y
of
th
e
sa
me
or
de
r
of
ma
gn
it
ud
e
or
le
ss
th
an
va
lu
es
ob
ta
in
ed
fo
r
pa
rt
ic
ul
at
e
or
ga
ni
c
ca
rb
on
.
Th
is
im
pl
ie
s
th
at
le
ss
th
an
10
%
of
th
e
pa
rt
ic
ul
at
e
ma
tt
er
in
th
e
la
ke
s
is
li
vi
ng
ph
yt
op
la
nk
to
n.
0n
th
e
ot
he
r
ha
nd
,
ca
rb
on
/c
hl
or
op
hy
ll
ra
ti
os
an
d
th
e
in
te
rc
ep
ts
of
th
e
ca
rb
on
/c
hl
or
op
hy
ll
re
gr
es
si
on
s
su
gg
es
t
th
at
mo
st
if
no
t
al
l
th
e
pa
rt
ic
ul
at
e
ma
tt
er
is
li
vi
ng
ph
yt
op
la
nk
to
n
ma
te
ri
al
.
In
th
e
ab
se
nc
e
of
mo
re
de
fi
ni
ti
ve
st
ud
ie
s,
in
cl
ud
in
g
la
ke
wi
de
an
d
se
as
on
al
st
ud
ie
s
of
va
ri
ou
s
bi
om
as
s
pa
ra
me
te
rs
,
no
de
fi
ni
te
co
nc
lu
si
on
s
ab
ou
t
th
e
ph
yt
op
la
nk
to
n
co
mp
os
it
io
n
of
t
h
e
s
e
s
t
o
n
c
a
n
b
e
m
a
d
e
.
ZOOPLANKTON
Zo
op
la
nk
to
n
bi
om
as
s,
un
li
ke
nu
mb
er
s,
se
em
s
to
sh
ow
a
bu
il
du
p
th
ro
ug
ho
ut
th
e
su
mm
er
on
a
la
ke
wi
de
ba
si
s
fr
om
5
mg
/m
3
in
Ma
y
to
25
mg
/m
3
in
Se
pt
em
be
r
(F
ig
ur
e
5.
4-
7)
.
Th
is
ch
an
ge
ca
n
be
la
rg
el
y
as
so
ci
at
ed
wi
th
th
e
gr
ow
th
an
d
de
ve
lo
pm
en
t
of
la
rg
e
ca
la
no
id
co
pe
po
ds
wh
ic
h
do
mi
na
te
th
e
cr
us
ta
ce
an
zo
op
la
nk
-
to
n
(1
5)
.'
Ne
ar
sh
or
e
zo
ne
s,
wi
th
th
e
ex
ce
pt
io
n
of
pr
od
uc
ti
ve
ba
ys
,
do
no
t
di
ff
er
si
gn
if
ic
an
tl
y
fr
om
of
fs
ho
re
zo
ne
s.
Th
es
e
co
nc
en
tr
at
io
ns
of
bi
om
as
s
ar
e
sp
ar
se
wh
en
co
mp
ar
ed
to
th
os
e
in
th
e
ot
he
r
Gr
ea
t
La
ke
s.
Hi
gh
es
t
va
lu
es
oc
cu
rr
ed
in
so
ut
hs
ho
re
re
gi
on
s
an
d
so
me
ea
st
to
we
st
tr
en
d
is
ap
pa
re
nt
,
as
sh
ow
n
by
th
e
zo
na
l
d
i
s
t
r
i
b
u
t
i
o
n
of
F
i
g
ur
e
5.
4-
8.
BENTHOS
B
i
o
m
a
s
s
of
m
a
c
r
o
b
e
n
t
h
i
c
i
n
v
e
r
t
e
b
r
a
t
e
s
a
v
e
r
a
g
e
d
o
n
l
y
49
m
g
/
m
2
(8
).
T
h
i
s
wa
s
m
a
d
e
up
l
a
r
g
e
l
y
of
th
e
la
rg
e
c
r
us
t
a
c
e
a
n
a
n
t
o
p
o
r
e
i
a
a
f
f
i
n
i
s
a
l
t
h
o
ug
h
o
l
i
g
o
c
h
a
e
t
e
s
w
e
r
e
a
n
i
m
p
o
r
t
a
n
t
c
o
m
p
o
n
e
n
t
in
s
o
m
e
ar
ea
s.
B
i
o
m
a
s
s
t
r
e
n
d
s
w
e
r
e
re
gi
on
al
ly
si
mi
la
r
to
th
os
e
fo
r
zo
op
la
nk
to
n.
C
O
M
M
U
N
I
T
Y
S
T
R
U
C
T
U
R
E
E
V
I
D
E
N
C
E
O
F
W
A
T
E
R
Q
U
A
L
I
T
Y
T
h
e
s
p
e
c
i
e
s
c
o
m
p
o
s
i
t
i
o
n
o
f
t
h
e
p
h
y
t
o
p
l
a
n
k
t
o
n
,
z
o
o
p
l
a
n
k
t
o
n
,
a
n
d
b
e
n
t
h
o
s
o
f
La
ke
S
u
p
e
r
i
o
r
is
d
o
m
i
n
a
t
e
d
at
pr
es
en
t
by
sp
ec
ie
s
c
h
a
r
a
c
t
e
r
i
s
t
i
c
of
c
o
l
d
waters of low productivity.
PHYTOPLANKTON
I
t
s
h
o
u
l
d
b
e
n
o
t
e
d
t
h
a
t
w
h
e
r
e
g
r
o
w
t
h
r
e
q
u
i
r
e
m
e
n
t
s
h
a
v
e
b
e
e
n
t
e
s
t
e
d
i
n
t
h
e
l
a
b
o
r
a
t
o
r
y
,
m
a
n
y
o
f
t
h
e
d
o
m
i
n
a
n
t
p
h
y
t
o
p
l
a
n
k
t
o
n
f
o
r
m
s
a
m
o
n
g
t
h
e
c
h
r
y
s
o
m
o
n
a
d
s
,
c
r
y
p
t
o
m
o
n
a
d
s
,
a
n
d
d
i
a
t
o
m
g
r
o
u
p
s
p
r
e
s
e
n
t
i
n
t
h
e
l
a
k
e
h
a
v
e
b
e
e
n
f
o
u
n
d
t
o
r
e
q
u
i
r
e
V
i
t
a
m
i
n
s
o
r
o
t
h
e
r
o
r
g
a
n
i
c
c
o
—
f
a
c
t
o
r
s
f
o
r
g
r
o
w
t
h
.
N
o
p
h
y
t
o
p
l
a
n
k
t
o
n
f
o
r
m
s
n
o
r
-
m
a
l
l
y
a
s
s
o
c
i
a
t
e
d
w
i
t
h
b
l
o
o
m
f
o
r
m
a
t
i
o
n
w
e
r
e
r
e
c
o
r
d
e
d
a
s
d
o
m
i
n
a
n
t
s
.
T
h
e
p
h
y
t
o
—
P
l
a
n
k
t
o
n
c
o
m
m
u
n
i
t
y
i
s
c
h
a
r
a
c
t
e
r
i
z
e
d
b
y
a
h
i
g
h
n
u
m
b
e
r
o
f
s
p
e
c
i
e
s
.
(
c
l
o
s
e
t
o
2
5
0
i
n
t
o
t
a
l
)
w
i
t
h
m
a
n
y
o
f
t
h
e
d
o
m
i
n
a
n
t
f
o
r
m
s
b
e
i
n
g
w
i
d
e
s
p
r
e
a
d
i
n
d
i
s
t
r
i
b
u
t
i
o
n
a
n
d
temporal occurrence.
341
  
   
500 1
400 -
max
I mean
min.
    
H
.c
.9)
é’
.c
a)
a)
L
LL
"é 300- P
\ I
03
E .
a) I
<0
g 200-
o $750175
m
c 13%
:3 98 9
100- 5
C J 85 80 77 75
g
-
so
Q
55f?
o I. 37
+0
> .I-
.c
0'
0
I
I
I
I
I
l
I
I
I
l
  
I IIII
17T395861411412102133
FIGURE 5.4-4.
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 Z
O
O
P
L
A
N
K
T
O
N
A
N
D
B
E
N
T
H
O
S
Th
e
zo
op
la
nk
to
n
co
mm
un
it
y
is
ma
de
up
pr
im
ar
il
y
of
la
rg
e
fi
lt
er
-f
ee
di
ng
fo
rm
s
wi
th
lo
ng
li
fe
—c
yc
le
s.
Mo
st
of
th
es
e
se
em
to
be
ad
ap
te
d
to
Su
rv
iv
al
by
th
e
st
or
ag
e
of
fo
od
re
se
rv
es
as
li
pi
d
dr
op
le
ts
so
th
at
gr
ow
th
an
d
ma
tu
ra
ti
on
in
th
es
e
fo
rm
s
ca
n
go
on
du
ri
ng
th
e
wi
nt
er
.
Sm
al
le
r-
bo
di
ed
fo
rm
s,
su
ch
as
ar
e
fo
un
d
in
th
e
su
mm
er
pl
an
kt
on
in
th
e
Lo
we
r
La
ke
s,
ar
e
le
ss
nu
me
ro
us
an
d
co
nt
ri
bu
te
to
a
su
mm
er
/f
al
l
pu
ls
e
of
bi
om
as
s
on
ly
in
ma
jo
r
em
ba
ym
en
ts
an
d
ne
ar
sh
or
e
zo
ne
s
(s
ee
Ch
ap
te
r
4.
1)
.
Pa
tt
er
ns
of
ab
un
da
nc
e
of
be
nt
hi
c
or
ga
ni
sm
s
pa
ra
ll
el
th
os
e
of
zo
op
la
nk
to
n
sp
at
ia
ll
y
at
le
as
t.
Ab
un
da
nc
e
of
bo
th
of
th
es
e
gr
ou
ps
di
ff
er
s
co
ns
id
er
ab
ly
fr
om
th
at
of
ph
yt
op
la
nk
to
n
bi
om
as
s
an
d
ea
ch
bi
om
as
s
e
s
t
i
m
a
t
e
a
p
p
e
a
r
s
to
f
l
uc
t
ua
t
e
in
de
pe
nd
en
tl
y
(T
ab
le
5.
4—
4)
.
Al
l,
ho
we
ve
r,
ar
e
lo
w
an
d
su
gg
es
t
ol
ig
ot
ro
ph
y.
Si
mi
la
rl
y,
wh
en
th
es
e
st
an
di
ng
st
oc
k
es
ti
ma
te
s
of
tr
op
hi
c
st
at
e
ar
e
co
mp
ar
ed
wi
th
pr
im
ar
y
pr
od
uc
ti
on
es
ti
ma
te
s
(T
ab
le
5.
4-
5)
,
al
l
zo
ne
s
ap
pe
ar
to
be
ol
ig
ot
ro
ph
ic
.
P
R
I
M
A
R
Y
P
R
O
D
U
C
T
I
O
N
MEASUREMENTS
U
p
t
o
5
0
e
s
t
i
m
a
t
e
s
o
f
p
h
y
t
o
p
l
a
n
k
t
o
n
p
r
i
m
a
r
y
p
r
o
d
u
c
t
i
o
n
w
e
r
e
m
a
d
e
o
n
e
a
c
h
c
r
u
i
s
e
a
t
s
t
a
t
i
o
n
s
a
c
r
o
s
s
t
h
e
l
a
k
e
,
b
y
i
n
c
u
b
a
t
i
n
g
w
a
t
e
r
i
n
a
s
h
i
p
b
o
a
r
d
i
n
c
u
b
a
t
o
r
,
w
i
t
h
i
n
s
i
t
u
m
o
o
r
i
n
g
s
fo
r
v
e
r
t
i
c
a
l
p
r
o
f
i
l
e
s
of
1l
+C
i
n
c
o
r
p
o
r
a
t
i
o
n
m
a
d
e
at
o
n
e
or
t
wo
l
o
c
a
t
i
o
n
s
o
n
t
h
r
e
e
c
r
u
i
s
e
s
(1
2)
.
N
e
t
c
a
r
b
o
n
f
i
x
a
t
i
o
n
w
a
s
r
e
c
o
r
d
e
d
d
o
w
n
t
o
35
m
o
n
s
e
v
e
r
a
l
o
c
c
a
s
i
o
n
s
.
B
a
s
e
d
o
n
i
n
t
e
r
c
o
m
p
a
r
i
s
o
n
s
o
f
11
*C
u
p
t
a
k
e
i
n
s
h
i
p
b
o
a
r
d
i
n
c
u
b
a
t
o
r
s
(
w
h
i
c
h
a
p
p
r
o
x
i
m
a
t
e
d
m
a
x
i
m
u
m
u
p
t
a
k
e
r
a
t
e
s
i
n
t
h
e
w
a
t
e
r
c
o
l
u
m
n
)
a
n
d
b
o
t
t
l
e
e
x
p
e
r
i
m
e
n
t
s
a
t
f
i
x
e
d
d
e
p
t
h
s
,
e
s
t
i
m
a
t
e
s
o
f
c
a
r
b
o
n
f
i
x
e
d
p
e
r
u
n
i
t
a
r
e
a
w
e
r
e
c
a
l
c
u
l
a
t
e
d
f
o
r
f
i
v
e
o
f
t
h
e
s
i
x
c
r
u
i
s
e
s
.
F
r
o
m
t
h
e
s
e
,
a
n
e
s
t
i
m
a
t
e
o
f
a
n
n
u
a
l
c
a
r
b
o
n
f
i
x
a
t
i
o
n
0
f
3
0
g
C
/
m
z
o
a
w
a
s
o
b
t
a
i
n
e
d
(
1
2
)
.
U
s
i
n
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FIGURE 5.4-8.
AVERAGE ANNUAL STANDING STOCK OF ZOOPLANKTON BIOMASS
(DRY WEIGHT) AND RANGE OF CRUISE MEAN VALUES BY
OPEN LAKE ZONE IN LAKE SUPERIOR, MAY—NOVEMBER 1973.
Zones are shown in Figure 5.3—1; TB = Thunder Bay.
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AVERAGE ANNUAL STANDING STOCKS 0F PHYTOPLANKTON;
ZOOPLANKTON; AND BENTHos, FOR LAKE SUPERIOR IN 1973
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Calculation according to Reference (10).
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ox
id
iz
ab
le
ca
rb
on
to
th
e
bo
tt
om
.
He
fo
un
d
th
e
am
ou
nt
of
ma
te
ri
al
ox
id
iz
ed
at
th
e
se
di
me
nt
su
rf
ac
e
is
di
re
ct
ly
pr
op
or
ti
on
al
to
pr
im
ar
y
pr
od
uc
ti
on
an
d
in
ve
rs
el
y
pr
op
or
ti
on
al
to
mi
xe
d-
la
ye
r
de
pt
h
in
a
se
ri
es
of
la
ke
s
an
d
oc
ea
ni
c
ar
ea
s.
In
ge
ne
ra
l,
th
is
in
di
ca
te
s
th
at
mu
ch
of
th
e
an
nu
al
pr
od
uc
ti
on
of
a
la
ke
is
de
co
mp
os
ed
in
th
e
up
pe
r
mi
xe
d
la
ye
r
an
d
th
e
re
ma
in
de
r
si
nk
s
to
th
e
bo
tt
om
to
de
co
mp
os
e
or
be
bu
ri
ed
as
fo
ss
il
ca
rb
on
un
de
r
re
du
ci
ng
co
nd
it
io
ns
.
As
th
e
su
rf
ic
ia
l
se
di
me
nt
s
of
th
e
la
ke
ar
e
cu
rr
en
tl
y
ox
id
iz
in
g
in
na
tu
re
,
it
ap
pe
ar
s
th
at
th
e
ba
la
nc
e
be
tw
ee
n
pr
od
uc
ti
on
an
d
de
co
mp
os
it
io
n
in
th
e
up
pe
r
la
ye
rs
is
su
ch
th
at
th
e
qu
an
ti
ty
of
ma
te
ri
al
wh
ic
h
si
nk
s
to
th
e
bo
tt
om
is
no
t
in
ex
ce
ss
of
th
at
wh
ic
h
ca
n
be
de
co
mp
os
ed
by
th
e
ox
yg
en
av
ai
la
bl
e
by
di
f—
fu
si
on
fr
om
th
e
ov
er
ly
in
g
wa
te
rs
.
It
do
es
no
t
se
em
po
ss
ib
le
at
th
e
pr
es
en
t
ti
me
to
es
ti
ma
te
th
e
li
mi
ti
ng
qu
an
ti
ti
es
of
ca
rb
on
fi
xe
d
in
th
e
up
pe
r
la
ye
rs
wh
ic
h
wo
ul
d
ex
ha
us
t
th
e
ox
yg
en
in
th
e
su
rf
ic
ia
l
se
di
me
nt
s
or
a
si
gn
if
ic
an
t
pa
rt
of
th
e
wa
te
r
co
lu
mn
ab
ov
e
th
em
.
Ho
we
ve
r,
it
is
su
gg
es
te
d
th
at
su
ch
a
ca
lc
ul
at
io
n,
ba
se
d
on
Ha
rg
ra
ve
's
re
la
ti
on
sh
ip
,
sh
ou
ld
be
at
te
mp
te
d
in
or
de
r
to
es
ti
ma
te
li
mi
ts
to
an
nu
al
pr
od
uc
ti
on
in
al
lo
wi
ng
su
it
ab
le
ox
yg
en
co
nd
it
io
ns
in
th
e
im
—
portant sediment layers.
SUMMARY
Cu
rr
en
t
es
ti
ma
te
s
of
an
nu
al
pr
od
uc
ti
on
an
d
st
an
di
ng
st
oc
ks
of
ph
yt
op
la
nk
—
to
n,
zo
op
la
nk
to
n,
an
d
be
nt
ho
s
in
di
ca
te
sp
ar
se
co
nc
en
tr
at
io
ns
of
li
vi
ng
or
ga
ni
sm
s
in
th
e
su
rf
ac
e
wa
te
rs
of
op
en
La
ke
Su
pe
ri
or
.
Ve
rt
ic
al
pr
of
il
es
an
d
sa
mp
le
s
ta
ke
n
fr
om
bo
tt
om
to
su
rf
ac
e
in
di
ca
te
th
at
th
es
e
co
nc
en
tr
at
io
ns
ex
te
nd
de
ep
in
to
th
e
la
ke
wa
te
rs
an
d
th
at
su
bs
ur
fa
ce
la
ye
rs
ma
y
co
nc
en
tr
at
e
la
rg
e
am
ou
nt
s
of
li
vi
ng
ma
te
ri
al
.
Th
e
am
ou
nt
of
th
is
ma
te
ri
al
wh
ic
h
fa
ll
s
to
th
e
se
di
me
nt
su
rf
ac
e
is
cu
rr
en
tl
y
no
t
in
ex
ce
ss
of
wh
at
ca
n
be
ox
id
iz
ed
re
ad
il
y
by
ox
yg
en
ava
ila
ble
in
the
wat
ers
imm
edi
ate
ly
ove
r
the
sed
ime
nts
dur
ing
eit
her
the
sum
mer
or winter stagnation periods.
The
spe
cie
s o
f a
lga
e,
zoo
pla
nkt
on,
and
ben
tho
s n
ow
pre
sen
t i
n t
he
lak
e
 
g
l
i
A
rep
res
ent
a c
omm
uni
ty
ada
pte
d t
o c
old
, n
ort
h t
emp
era
te
wat
ers
and
to
dil
ute
nut
rie
nt
con
cen
tra
tio
ns.
Pre
sen
t c
omm
uni
tie
s s
how
.no
obv
iou
s e
vid
enc
e o
f s
tre
sse
s f
rom
man
's
int
erf
ere
nce
wit
h t
he
Lak
e S
upe
rio
r e
cos
yst
em.
Man
y s
pec
ies
hav
e a
cap
a-
bili
ty t
o pr
oduc
e en
ergy
rese
rves
espe
cial
ly
in t
he f
orm
of l
ipid
s.
Thes
e wi
ll
be e
spec
iall
y s
igni
fica
nt
in t
he u
ptak
e an
d tr
ansf
er o
f li
pid-
solu
ble
orga
nic
contaminants, and may be particularly vulnerable to the lipid—soluble contam—
inants.
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This section describes the bacteriological quality of the open waters of
Lake Superior. In addition, some nearshore data are presented, thus comple—
menting the bacteriological description of the nearshore and embayment areas
given in Chapter 4. These data describe baseline conditions and areas of
bacteriological degradation, thereby delineating the extent of influence of
organic discharges.
BACTERIOLOGICAL PARAMETERS
Four public-health-oriented or trophic indicator bacteria were utilized
to characterize the bacteriological water quality of Lake Superior: total and
fecal coliforms, fecal streptococci, and aerobic heterotrophs.
COLIFORMS
The term "coliform" is used to describe various genera of the family
Enterobacteriaceae. Coliform bacteria occur naturally in soil, water, vege-
tation, and the intestinal tract of living organisms (1). Although they are
gene
rall
y no
t re
gard
ed a
s pa
thog
enic
, t
he p
rese
nce
and
abun
danc
e of
coli
form
s
indi
cate
the
pote
ntia
l pr
esen
ce o
f pa
thog
enic
ente
ric
orga
nism
s.
Sour
ces
of
coli
form
s to
the
wate
r of
Lake
Supe
rior
incl
ude
fece
s fr
om m
en,
anim
als,
and
some fish; domestic and industrial sewage; and soil and plants.
Fecal coliforms include those genera which specifically originate in the
inte
stin
al
trac
t of
warm
—blo
oded
anim
als;
they
show
a po
siti
ve c
orre
lati
on
with
feca
l co
ntam
inat
ion
from
thes
e so
urce
s.
A 5-
year
stud
y of
poll
utio
n in
the
Bal
tic
Sea
rev
eal
ed
tha
t f
eca
l c
oli
for
ms
wer
e a
mor
e a
ccu
rat
e m
eas
ure
tha
n
tot
al
col
ifo
rms
of
the
ext
ent
and
dif
fus
ion
pat
ter
ns
of
sew
age
dis
cha
rge
s i
nto
the
mar
ine
env
iro
nme
nt
(2)
.
The
ref
ore
,
fec
al
col
ifo
rms
are
pre
fer
abl
e t
o t
ota
l
coliforms as an index to fecal contamination.
FECAL STREPTOCOCCI
Se
ve
ra
l
sp
ec
ie
s
of
fe
ca
l
st
re
pt
oc
oc
ci
oc
cu
r
in
lo
w
nu
mb
er
s
in
na
tu
ra
l
wat
ers
; t
hei
r a
bun
dan
ce
is
con
clu
siv
e e
vid
enc
e o
f r
ece
nt
fec
al
con
tam
ina
tio
n.
In
add
iti
on,
in
dom
est
ic
sew
age
the
rat
io
of
fec
al
col
ifo
rms
to
fec
al
str
ept
o-
coc
ci
is
alw
ays
>4.
0,
whe
rea
s i
n t
he
fec
es
of
far
m a
nim
als
suc
h a
s c
ats
, d
ogs
,
or
rod
ent
s,
in
far
mla
nd
dra
ina
ge,
and
in
urb
an
sto
rmw
ate
r r
uno
ff,
the
rat
io
is
usu
all
y <
0.7
(3).
Thu
s,
by
est
abl
ish
ing
a r
ati
o,
the
sou
rce
of
pol
lut
ion
is
often known.
   
  
A
E
R
O
B
I
C
H
E
T
E
R
O
T
R
O
P
H
S
Ae
ro
bi
c
he
te
ro
tr
op
hi
c
ba
ct
er
ia
ar
e
ex
tr
em
el
y
se
ns
it
iv
e
to
co
nc
en
tr
at
io
ns
of
nu
tr
ie
nt
s
an
d,
as
su
ch
,
ar
e
in
di
ca
to
rs
of
th
e
tr
op
hi
c
st
at
us
of
th
e
la
ke
.
Mi
nu
te
ch
an
ge
s
in
nu
tr
ie
nt
co
nc
en
tr
at
io
ns
,
wh
ic
h
ma
y
no
t
be
ea
si
ly
de
te
ct
ab
le
or
wh
ic
h
ma
y
no
t
ot
he
rw
is
e
be
co
ns
id
er
ed
si
gn
if
ic
an
t,
ma
y
be
im
po
rt
an
t
to
th
e
mi
cr
oe
co
sy
st
em
in
wh
ic
h
th
e
ba
ct
er
ia
li
ve
.
Mi
nu
te
va
ri
at
io
ns
in
nu
tr
ie
nt
lo
ad
in
gs
ma
y
pr
ef
er
en
ti
al
ly
st
im
ul
at
e
sp
ec
if
ic
ba
ct
er
ia
l
bi
ot
yp
es
an
d
co
ul
d
ul
ti
ma
te
ly
le
ad
to
th
ei
r
pr
ed
om
in
an
ce
.
Th
us
,
he
te
ro
tr
op
hi
c
an
d
au
to
tr
op
hi
c
ba
ct
er
ia
l
de
ns
it
ie
s
an
d
bi
ot
yp
e
di
st
ri
bu
ti
on
pl
ay
a
ve
ry
im
po
rt
an
t
ro
le
in
mo
ni
to
ri
ng
nu
tr
ie
nt
lo
ad
in
g
ef
fe
ct
s,
in
pi
n—
po
in
ti
ng
ar
ea
s
of
po
te
nt
ia
l
de
gr
a—
da
ti
on
,
an
d
in
in
di
ca
ti
ng
ar
ea
s
wh
ic
h
ar
e
re
tu
rn
in
g
to
an
ol
ig
ot
ro
ph
ic
st
at
e.
St
ud
ie
s
(f
or
ex
am
pl
e,
Re
fe
re
nc
e
(4
))
co
nf
ir
m
th
at
th
e
de
ns
it
y
of
ba
ct
er
ia
in
wa
te
r
is
di
re
ct
ly
re
la
te
d
to
nu
tr
ie
nt
su
pp
ly
an
d
th
at
wa
te
r
bo
di
es
ca
n
be
ca
te
go
ri
ze
d
by
ba
ct
er
ia
l
bi
om
as
s
pr
od
uc
ti
on
.
No
rm
al
ly
,
hi
gh
de
ns
it
ie
s
of
th
es
e
ba
ct
er
ia
in
di
ca
te
th
e
pr
es
en
ce
of
la
rg
e
am
ou
nt
s
of
or
ga
ni
c
wa
st
es
su
ch
as
fr
om
do
me
st
ic
an
d
in
du
st
ri
al
di
sc
ha
rg
es
.
SAMPLE COLLECTION AND ANALYSIS
Ba
ct
er
io
lo
gi
ca
l
st
ud
ie
s
we
re
co
nd
uc
te
d
fo
r
th
e
op
en
wa
te
rs
of
La
ke
Su
pe
ri
or
du
ri
ng
Au
gu
st
19
68
,
du
ri
ng
Ma
y
an
d
Oc
to
be
r
19
71
,
an
d
be
tw
ee
n
Ma
y
an
d
No
ve
mb
er
197
3.
Re
su
lt
s
ha
ve
be
en
re
po
rt
ed
by
Ra
o
an
d
He
nd
er
so
n
(5)
.
Th
e
19
73
cr
ui
se
s
ha
d
th
e
mo
st
ex
te
ns
iv
e
sa
mp
li
ng
ne
tw
or
k
(F
ig
ur
e
5.
5—
1)
.
Sa
mp
le
s
we
re
co
ll
ec
te
d
fro
m
dep
ths
of
1,
10,
and
50
m.
Add
iti
ona
l
sam
ple
s w
ere
obt
ain
ed
2 m
fro
m
the
bottom at 19 stations in 1973.
Met
hod
s
of
bac
ter
iol
ogi
cal
ana
lys
es
wer
e
emp
loy
ed
as
des
cri
bed
by
Dut
ka
(6)
.
Tot
al
and
fec
al
col
ifo
rm
den
sit
ies
wer
e
det
erm
ine
d
on
all
sur
vey
s.
Fec
al
str
ept
oco
ccu
s
den
sit
ies
wer
e
est
ima
ted
dur
ing
the
197
3
sur
vey
s.
Het
ero
tro
phi
c
bac
ter
ial
pop
ula
tio
ns
wer
e e
sti
mat
ed
usi
ng
the
20%
sta
nda
rd
pla
te
cou
nt
tec
h-
niq
ue
in
196
8 a
nd
197
1,
and
the
20°
C s
pre
ad
pla
te
tec
hni
que
in
197
1 a
nd
197
3.
Mem
bra
ne
fil
tra
tio
ns
wer
e
mad
efr
om
app
rop
ria
te
dil
uti
ons
.
BA
CT
ER
IO
LO
GI
CA
L
CH
AR
AC
TE
RI
ST
IC
S
OF
LAK
E
SU
PE
RI
OR
SOURCES OF BACTERIAL INPUTS
The
Wat
er
Qua
lit
y B
oar
d s
tat
ed,
"It
is
not
suf
fic
ien
t t
o m
oni
tor
the
qua
lit
y o
f t
his
lak
e i
n t
he
ope
n w
ate
rs
in
ord
er
to
pro
tec
t i
t.
The
wat
er
qua
lit
y p
ara
met
ers
of
int
ere
st
mus
t b
e m
eas
ure
d i
n t
hos
e l
oca
l a
rea
s o
f k
now
n
was
te
loa
din
g"
(7).
The
imp
act
of
bac
ter
iol
ogi
cal
pol
lut
ion
of
Lak
e S
upe
rio
r
from
spec
ific
sour
ces
is r
eadi
ly m
aske
d by
the
lake
's l
arge
dilu
ting
capa
city
.
Ther
efor
e,
the
esse
ntia
l ar
eas
to c
onsi
der
are
the
near
shor
e ar
eas
and
the
embayments which receive the discharges. However, the exchange of open lake
and
near
shor
e wa
ters
make
s it
diff
icul
t to
esti
mate
the
long
-ter
m ef
fect
s of
such loadings and only generalizations can be drawn. However, more detailed
information is available for the Nipigon Bay (4) and Marathon (8) areas. The
coastal area between Ashland and the Keweenaw Peninsula has many small rivers
flowing into the lake; this may account for the slight increase in bacterial
counts. Other coastal areas which may be receiving organic inputs need to be
studied more carefully to determine if any problem exists. Additional discussion
on nearshore areas and embayments is given in Chapter 4.
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FIGURE 5. 5-1.
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I
  
 TOTAL COLIFORMS
Spatial and temporal variations of total coliforms in both nearshore and
open water areas are presented in Figures 5.5—2 and 5.5—3 and in Table 5.5—1.
Data from the 1968 and the 1971 cruises indicate that >992 of the water samples
were <10/100 ml; the Agreement objective is 1000/100 mR. The 1973 surveys
reveal a seasonal cycle with the highest counts in late summer; the most pro-
nounced seasonal trend was found in the nearshore areas (Figure 5.5—3).
Details are given in reference (5). Higher counts were found in the vicinity
of Duluth-Superior Harbor (1968, 1971, and 1973), Au Sable Point (1971 and
1973), Thunder Bay (1971 and 1973), Michipicoten Harbour (1968 and 1971),
Marathon (1968 and 1971), and Nipigon Bay.
FECAL COLIFORMS
Spatial and temporal variations of fecal coliforms in both nearshore and
open water areas are presented in Figures 5.5-3 and 5.5-4 and in Table 5.5-2.
The data indicate that the open waters of'Lake Superior are practically free
from detectable fecal contamination; over 90% of the stations monitored had
counts <l/100 mX. The Agreement objective is 200/100 mi. The general absence
of a seasonal trend is evident in Figure 5.5—3. Nearshore areas having rela—
tively higher densities include the vicinity of Duluth-Superior Harbor, Thunder
Bay, Whitefish Bay, Grand Island, and the Keweenaw Peninsula.
FECAL STREPTOCOCCI
Fecal streptococci data for 1973 are summarized in Table 5.5-3 and are
displayed in Figure 5.5—3. More than 80% of the samples analyzed show densi-
ties <l/100 ml; the Ontario permissible criterion for raw water is 50/100 m1.
AEROBIC HETEROTROPHS
Spatial and temporal variations of aerobic heterotrophs in both nearshore
and open water areas are presented in Figures 5.5—3 and 5.5-5 and in Table
5.5—4. Counts rarely exceedlOO/mz; the slightly higher values in 1973 are
not significantly different. Most nearshore areas have densities higher than
the open waters; these areas include the vicinity of Duluth-Superior Harbor,
Marathon, the coastal area between Ashland and the Keweenaw Peninsula, and
Grand Island. A seasonal peak is observed in August—September.
DULUTH ARM
In the western end of the lake, near Duluth-Superior Harbor, although
shallow water, higher temperatures (IO-12°C, as compared with 5—6°C in the
main body), and good vertical mixing are important factors contributing to the
increased heterotrophic bacterial populations, these do not account for levels
in excess of 8000/m£ found during the last cruise in 1973.
The fecal coliform—fecal streptococcus ratio in early summer was very
low, indicating a land drainage-wash type of contamination. The ratio changed
to between 0.7 and 4.0 in midsummer and exceeded 4.0 at times during the fall,
indicating sewage contamination. The Duluth arm is the only area in Lake
354
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INTRODUCTION
HISTORICAL PERSPECTIVE
Historically, Lake Superior was characterized by native fish communities
typical of recently glaciated oligotrophic lakes (1, 2). Such communities
are dominated by the salmonids: the trouts, chars, whitefishes, chubs, and
lake herring, species which were highly prized for the table, their sporting
qualities, or both. The slightly warmer and shallower inshore waters, espe—
cially in the bays and among the islands, typically supported populations of
sturgeon, walleye, perch, northern pike, and several species of suckers.
Lesser species, dace and minnows, darters and sculpins, and others occupied a
variety of niches throughout the lake.
The original fish stocks have beenvery substantially depleted (1, 3).
Annual commercial catches from Lake Superior have fallen to about one third
of their peak (Figure 5.6—1). Moreover, the highest valued species have
clearly suffered most so that the economic loss has been even greater than
the catch statistics imply.
Long continued intense exploitation by man, coupled with the destabi-
lizing influence of strong competition and predation by suchexotic species
as the alewife, rainbow smelt, and sea lamprey played a major role in de—
plet
ing
the
stoc
ks.
The
Grea
t La
kes
Fish
ery
Comm
issi
on h
as c
oord
inat
ed
effo
rts
by t
he r
espo
nsib
le m
anag
emen
t au
thor
itie
s to
reha
bili
tate
the
fish
comm
unit
ies.
Prog
rams
to c
ontr
ol s
ea l
ampr
ey h
ave
been
larg
ely
succ
essf
ul.
Heavy stocking of hatchery reared fish, not only of the indigenous lake,
broo
k,
and
rain
bow
trou
t bu
t al
so o
f su
ch e
xoti
cs a
s th
e Pa
cifi
c an
d At
lant
ic
salm
ons,
brow
n tr
out,
and
spla
ke h
ave
crea
ted
majo
r sy
nthe
tic
popu
lati
ons
of
sal
mon
ids
whi
ch
pre
y f
ree
ly
on
ale
wif
e a
nd
sme
lt
as
wel
l a
s o
n t
he
ind
ige
nou
s
for
age
spe
cie
s.
Sta
ble
sel
f—r
epr
odu
cin
g c
omm
uni
tie
s c
omp
ara
ble
to
tho
se
nat
ive
to
the
lak
es
hav
e,
how
eve
r,
not
yet
res
ult
ed
and
the
gen
era
l f
ail
ure
of
hat
che
ry
sto
ck
to
rep
rod
uce
wel
l i
n t
he
lak
e i
s n
ot
und
ers
too
d.
Whe
the
r
det
eri
ora
tin
g w
ate
r
qua
lit
y h
as
con
tri
but
ed
sig
nif
ica
ntl
y
to
the
se
pro
ble
ms
is
unk
now
n.
Gen
era
lly
, f
ish
eri
es
wor
ker
s h
ave
con
sid
ere
d
nut
rie
nt
enr
ich
men
t a
s p
res
ent
ing
onl
y a
few
loc
al
pro
ble
ms
of
min
or
con
cer
n.
0f
th
e
co
nt
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in
an
ts
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en
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wa
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r,
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of
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to
xi
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po
te
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ia
l
th
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fou
nd
in
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h d
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aus
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d c
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egr
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y
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s
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d b
y c
ont
inu
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tam
ina
tio
n.
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s
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of deteriorating water quality may be reflected by changes in the quality and
quantity of fish stocks present and by the presence in the fish of contaminating
materials of potential harm to fish or fish consumers. Because fish fre-
quently accumulate contaminants to levels several thousand times higher than
thos
e pr
esen
t i
n wa
ter,
the
dete
rmin
atio
n of
curr
ent
leve
ls o
f co
ntam
inan
ts
in fish offers an analytically feasible, practical, and highly sensitive
mean
s of
assa
ying
pres
ent
cond
itio
ns a
s we
ll a
s pr
ovid
ing
a ba
seli
ne a
gain
st
which future changes can be gauged.
COMPARISON OF NEARSHORE AND OFFSHORE PROGRAMS
Information on the levels of contaminants in nearshore fish from Lake
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h
e
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l
t
h
g
u
i
d
e
l
i
n
e
o
f
0
.
5
u
g
/
g
i
n
e
d
i
b
l
e
p
o
r
t
i
o
n
s
(
2
8
)
.
0
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t
h
e
p
r
e
v
i
o
u
s
w
o
r
k
d
o
n
e
o
n
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p
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f
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e
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o
c
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t
e
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e
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l
t
w
i
t
h
w
h
o
l
e
f
i
s
h
f
r
o
m
w
a
t
e
r
s
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o
m
p
a
r
a
b
l
e
to
t
h
o
s
e
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d
d
r
e
s
s
e
d
i
n
t
h
i
s
s
t
ud
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D
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a
f
r
o
m
h
o
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o
g
e
n
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t
e
s
of
w
h
o
l
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e
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n
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e
t
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o
u
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v
e
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n
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n
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s
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c
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i
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b
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n
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9
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5
a
n
d
1
9
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9
a
r
e
p
o
o
l
e
d
i
n
F
i
g
u
r
e
5
.
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—
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to
s
h
o
w
t
h
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t
D
D
T
is
p
o
s
i
t
i
v
e
l
y
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o
r
r
e
l
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t
e
d
w
i
t
h
f
i
s
h
s
i
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.
T
h
e
r
e
g
r
e
s
s
i
o
n
s
1
.
7
3
8
l
o
g
(T
L)
—
4
.
2
6
6
[1
]
log [DDT]
lo
g
(T
L)
0.
54
2
lo
g
[D
DT
]
+
2.
46
3
[2
]
wh
er
e
to
ta
l
le
ng
th
(T
L)
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ed
in
m
m
an
d
DD
T
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en
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at
io
n
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ug
/g
,
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y
a
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at
io
n
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fi
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en
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gr
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ef
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en
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i
m
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l
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r
to
t
h
o
s
e
d
e
t
e
r
m
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n
e
d
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r
C
a
y
u
g
a
L
a
k
e
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ke
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r
o
ut
b
y
E
b
e
r
h
a
r
d
t
(2
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,
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d
pe
rm
it
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re
ct
co
mp
ar
is
on
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t
h
re
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s
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th
e
pr
es
en
t
st
ud
y.
Fu
rt
he
r,
de
sp
it
e
Re
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er
t'
s
ob
se
rv
at
io
n
(6
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th
at
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T
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nc
en
tr
at
io
ns
in
La
ke
Su
pe
ri
or
fi
sh
2
ge
ne
ra
ll
y
we
re
on
e
se
ve
nt
h
to
on
e
fo
ur
th
th
os
e
en
co
un
te
re
d
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La
ke
Mi
ch
ig
an
*
fi
sh
,
it
is
cl
ea
r
th
at
ev
en
at
th
is
ea
rl
y
da
te
le
an
la
ke
tr
ou
t
gr
ea
te
r
th
an
29
cm
to
ta
l
le
ng
th
mu
st
ha
ve
ex
ce
ed
ed
th
e
1.
0
ug
/g
pr
op
os
ed
Ag
re
em
en
t
ob
—
j
e
c
t
i
v
e
fo
r
D
D
T
in
w
h
o
l
e
fi
sh
.
Th
e
wo
rk
of
Pa
re
jk
o
an
d
as
so
ci
at
es
(1
1,
18
)
sh
ow
ed
th
at
PC
B
co
nc
en
tr
a-
ti
on
s
in
of
fs
ho
re
la
ke
tr
ou
t
we
re
al
so
hi
gh
,
fo
ur
ti
me
s
th
e
to
ta
l
DD
T
co
n—
ce
nt
ra
ti
on
by
19
71
.
Un
fo
rt
un
at
el
y,
hi
s
da
ta
we
re
no
t
de
ri
ve
d
fr
om
wh
ol
e
fi
sh
ho
mo
ge
na
te
s
bu
t
fr
om
th
e
oi
l—
ri
ch
mi
d-
ve
nt
ra
l
ab
do
mi
na
l
wa
ll
so
th
at
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is
no
t
po
ss
ib
le
to
eq
ua
te
hi
s
me
an
PC
B
co
nc
en
tr
at
io
n
of
7.
0
i
3.
5
ug
/g
to
va
lu
es
obtained in this study.
It
is
wo
rt
h
no
ti
ng
th
at
Pa
re
jk
o'
s
da
ta
,
li
ke
th
os
e
of
Eb
er
ha
rd
t
(2
0)
fo
r
PC
B'
s
in
wh
ol
e
fi
sh
sa
mp
le
s
of
Ca
yu
ga
La
ke
la
ke
tr
ou
t,
sh
ow
a
po
si
ti
ve
co
r—
re
la
ti
on
be
tw
ee
n
PC
B
co
nc
en
tr
at
io
n
an
d
to
ta
l
le
ng
th
.
Th
e
re
gr
es
si
on
ca
l—
cu
la
bl
e
fr
om
th
es
e
da
ta
is
lo
g
[P
CB
]
=
2.
23
5
lo
g
(T
L)
-
5.
36
7
[3
]
wi
th
a
co
rr
el
at
io
n
co
ef
fi
ci
en
t
of
0.
72
.
Cl
ea
rl
y,
of
fs
ho
re
la
ke
tr
ou
t
of
8.
9
cm
an
d
up
we
re
,
by
19
71
,
ca
rr
yi
ng
PC
B
lo
ad
s
in
th
e
ab
do
mi
na
l
wa
ll
in
ex
ce
ss
of
th
e
pr
op
os
ed
Ag
re
em
en
t
ob
je
ct
iv
e
of
0.
1
ug
/g
fo
r
PC
B'
s
in
wh
ol
e
fi
sh
.
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Ni
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st
at
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se
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r
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mp
li
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ev
e
r
a
l
l
e
v
e
l
s
o
f
t
h
e
t
r
o
p
h
i
c
s
y
s
-
s
h
)
a
n
d
b
u
r
b
o
t
(
L
o
t
a
Z
o
t
a
)
w
e
r
e
c
h
o
s
e
n
a
s
i
m
u
m
b
i
o
m
a
g
n
i
f
i
c
a
t
i
o
n
o
f
a
n
y
c
o
n
t
a
m
i
n
a
n
t
p
r
e
s
e
n
t
.
T
h
e
i
n
c
l
u
s
i
o
n
o
f
t
h
e
b
u
r
b
o
t
w
a
s
i
n
t
e
n
d
e
d
t
o
p
r
o
v
i
d
e
s
o
m
e
b
a
s
i
s
f
o
r
w
e
r
e
s
a
m
p
l
e
d
t
o
e
n
s
u
r
e
r
e
p
r
e
s
e
n
t
a
t
i
o
n
f
r
o
m
s
t
e
m
.
L
a
k
e
t
r
o
u
t
(
S
a
l
v
e
l
i
n
u
s
n
a
m
a
y
c
u
t
o
p
l
i
n
e
p
r
e
d
a
t
o
r
s
l
i
k
e
l
y
t
o
s
h
o
w
m
a
x
c
o
m
p
a
r
i
s
o
n
a
t
t
h
i
s
t
r
o
p
h
i
c
l
e
v
e
l
w
i
t
h
L
a
k
e
H
u
r
o
n
d
a
t
a
.
B
l
o
a
t
e
r
c
h
u
b
(
C
o
r
e
-
g
o
n
u
s
h
o
y
i
)
a
n
d
,
a
s
a
s
u
b
s
t
i
t
u
t
e
f
o
r
i
t
w
h
e
n
n
e
c
e
s
s
a
r
y
,
t
h
e
l
a
k
e
h
e
r
r
i
n
g
(
C
o
r
e
g
o
n
u
s
a
r
t
e
d
i
)
w
e
r
e
c
h
o
s
e
n
f
o
r
t
h
e
i
r
p
l
a
n
k
t
i
v
o
r
o
u
s
f
e
e
d
i
n
g
h
a
b
i
t
s
.
S
l
i
m
y
s
c
u
l
p
i
n
s
(
C
o
t
t
u
s
c
o
g
n
a
t
u
s
)
,
w
e
r
e
c
h
o
s
e
n
b
e
c
a
u
s
e
o
f
t
h
e
i
r
l
i
m
i
t
e
d
m
o
b
i
l
i
t
y
a
n
d
b
o
t
t
o
m
f
e
e
d
i
n
g
h
a
b
i
t
s
.
B
l
o
a
t
e
r
s
,
h
e
r
r
i
n
g
,
a
n
d
s
c
u
l
p
i
n
s
a
r
e
a
l
l
i
m
p
o
r
t
a
n
t
p
r
e
y
i
t
e
m
s
i
n
t
h
e
d
i
e
t
o
f
t
h
e
t
w
o
p
r
e
d
a
t
o
r
y
s
p
e
c
i
e
s
.
T
o
m
i
n
i
m
i
z
e
s
e
a
s
o
n
a
l
e
f
f
e
c
t
s
o
r
t
h
o
s
e
o
w
i
n
g
t
o
s
i
z
e
o
r
m
a
t
u
r
i
t
y
o
f
f
i
s
h
,
a
l
l
s
a
m
p
l
e
s
w
e
r
e
t
a
k
e
n
b
e
t
w
e
e
n
A
u
g
u
s
t
1
5
a
n
d
O
c
t
o
b
e
r
1
5
,
1
9
7
4
a
n
d
c
o
n
s
i
s
t
e
d
,
s
o
f
a
r
a
s
p
o
s
s
i
b
l
e
,
o
f
m
a
t
u
r
e
f
i
s
h
o
f
c
o
n
s
t
a
n
t
m
e
a
n
s
i
z
e
.
C
o
l
l
e
c
t
i
o
n
s
i
n
U
.
S
.
w
a
t
e
r
s
w
e
r
e
m
a
d
e
u
s
i
n
g
g
i
l
l
n
e
t
s
a
n
d
b
o
t
t
o
m
t
r
a
w
l
s
b
y
v
e
s
s
e
l
s
o
f
t
h
e
U
.
S
.
F
i
s
h
a
n
d
W
i
l
d
l
i
f
e
S
e
r
v
i
c
e
(
F
W
S
)
d
u
r
i
n
g
t
h
e
i
r
r
e
g
u
l
a
r
L
a
k
e
S
u
p
e
r
i
o
r
c
r
u
i
s
e
s
.
_
T
h
o
s
e
i
n
C
a
n
a
d
i
a
n
w
a
t
e
r
s
w
e
r
e
o
b
t
a
i
n
e
d
b
y
c
o
m
m
e
r
c
i
a
l
f
i
s
h
e
r
m
e
n
w
h
o
s
e
g
i
l
l
n
e
t
s
w
e
r
e
s
e
t
u
n
d
e
r
c
o
n
t
r
a
c
t
t
o
t
h
e
O
n
t
a
r
i
o
M
i
n
i
s
t
r
y
o
f
N
a
t
u
r
a
l
R
e
s
o
u
r
c
e
s
(
M
N
R
)
.
A
l
l
s
a
m
p
l
e
s
o
f
f
i
s
h
w
e
r
e
h
a
n
d
l
e
d
a
s
l
i
t
t
l
e
a
s
p
o
s
s
i
b
l
e
,
b
a
g
g
e
d
i
n
p
o
l
y
e
t
h
y
l
e
n
e
b
a
g
s
(
p
r
e
v
i
o
u
s
l
y
c
h
e
c
k
e
d
t
o
e
n
s
u
r
e
l
o
w
l
e
v
e
l
s
o
f
c
o
n
t
a
m
i
n
a
t
i
o
n
)
o
r
w
r
a
p
p
e
d
i
n
a
l
u
m
i
n
u
m
f
o
i
l
,
f
a
s
t
f
r
o
z
e
n
e
i
t
h
e
r
o
n
b
o
a
r
d
t
h
e
v
e
s
s
e
l
o
r
a
t
t
h
e
n
e
a
r
e
s
t
s
h
o
r
e
f
a
c
i
l
i
t
y
,
a
n
d
s
h
i
p
p
e
d
f
r
o
z
e
n
t
o
t
h
e
F
r
e
s
h
w
a
t
e
r
I
n
s
t
i
t
u
t
e
i
n
W
i
n
n
i
p
e
g
f
o
r
a
n
a
l
y
s
i
s
.
T
a
b
l
e
5
.
6
—
2
s
h
o
w
s
,
b
y
l
o
c
a
t
i
o
n
a
n
d
s
p
e
c
i
e
s
,
t
h
e
n
u
m
b
e
r
s
,
m
e
a
n
l
e
n
g
t
h
s
,
a
n
d
m
e
a
n
w
e
i
g
h
t
s
o
f
t
h
e
s
a
m
p
l
e
s
o
b
t
a
i
n
e
d
.
I
t
w
a
s
i
n
t
e
n
d
e
d
t
h
a
t
l
a
k
e
t
r
o
u
t
,
b
l
o
a
t
e
r
c
h
u
b
,
a
n
d
s
l
i
m
y
s
c
u
l
p
i
n
s
b
e
t
a
k
e
n
a
t
e
v
e
r
y
s
t
a
t
i
o
n
.
B
u
r
b
o
t
,
o
n
t
h
e
o
t
h
e
r
h
a
n
d
,
w
e
r
e
t
o
b
e
t
a
k
e
n
o
n
l
y
a
t
t
w
o
o
f
t
h
e
n
i
n
e
s
t
a
t
i
o
n
s
,
o
n
e
a
t
t
h
e
w
e
s
t
e
n
d
o
f
t
h
e
l
a
k
e
,
o
f
f
t
h
e
A
p
o
s
t
l
e
I
s
l
a
n
d
s
,
a
n
d
o
n
e
a
t
t
h
e
e
a
s
t
e
n
d
,
o
n
C
o
p
p
e
r
m
i
n
e
B
a
n
k
.
I
n
f
a
c
t
,
b
l
o
a
t
e
r
s
c
o
u
l
d
n
o
t
b
e
o
b
t
a
i
n
e
d
f
r
o
m
t
w
o
s
t
a
t
i
o
n
s
,
C
h
u
m
m
y
B
a
n
k
a
n
d
P
i
c
B
a
n
k
.
A
t
t
h
e
f
o
r
m
e
r
,
l
a
k
e
h
e
r
r
i
n
g
w
e
r
e
r
e
a
d
i
l
y
a
v
a
i
l
a
b
l
e
a
n
d
w
e
r
e
c
o
l
l
e
c
t
e
d
i
n
l
i
e
u
o
f
t
h
e
b
l
o
a
t
e
r
s
.
A
t
t
h
e
l
a
t
t
e
r
,
h
o
w
e
v
e
r
,
n
e
i
t
h
e
r
b
l
o
a
t
e
r
s
n
o
r
h
e
r
r
i
n
g
c
o
u
l
d
b
e
o
b
t
a
i
n
e
d
a
n
d
s
a
m
p
l
e
r
s
t
o
o
k
a
n
u
n
s
c
h
e
d
u
l
e
d
s
a
m
p
l
e
o
f
b
u
r
b
o
t
b
e
c
a
u
s
e
i
t
w
a
s
t
h
e
o
n
l
y
s
p
e
c
i
e
s
o
t
h
e
r
t
h
a
n
l
a
k
e
t
r
o
u
t
t
a
k
e
n
i
n
t
h
e
n
e
t
s
.
I
n
g
e
n
e
r
a
l
,
C
a
n
a
d
i
a
n
c
o
m
m
e
r
c
i
a
l
f
i
s
h
e
r
m
e
n
p
r
o
v
e
d
u
n
a
b
l
e
t
o
c
o
l
l
e
c
t
s
l
i
m
y
s
c
u
l
p
i
n
s
a
t
a
n
y
s
t
a
t
i
o
n
e
i
t
h
e
r
i
n
t
h
e
a
s
s
o
r
t
e
d
s
m
a
l
l
m
e
s
h
g
i
l
l
n
e
t
s
o
r
i
n
t
h
e
s
m
a
l
l
t
r
a
p
s
s
u
p
p
l
i
e
d
b
y
t
h
e
O
n
t
a
r
i
o
M
N
R
;
t
r
a
w
l
i
n
g
g
e
a
r
w
a
s
n
o
t
a
va
i
l
a
b
l
e
.
S
uc
h
e
q
ui
p
m
e
n
t
e
n
a
b
l
e
d
U.
S.
FW
S
cr
ew
s
to
ta
ke
s
a
m
p
l
e
s
at
f
o
ur
of
t
h
e
i
r
f
i
v
e
s
t
a
t
i
o
n
s
.
At
al
l
st
at
io
ns
50
sp
ec
im
en
s
of
ea
ch
sp
ec
ie
s
we
re
so
ug
ht
bu
t
no
t
al
wa
ys
o
b
t
a
i
n
e
d
,
a
s
T
a
b
l
e
5
.
6
—
2
i
n
d
i
c
a
t
e
s
.
Fi
gu
re
5.
6—
4
il
lu
st
ra
te
s
th
e
ex
te
nt
to
wh
ic
h
sa
mp
li
ng
cr
ew
s
we
re
ab
le
to
ob
ta
in
sa
mp
le
s
of
me
an
co
ns
ta
nt
si
ze
fo
r
ea
ch
sp
ec
ie
s
no
t
on
ly
wi
th
in
bu
t
be
tw
ee
n
lo
ca
ti
on
s.
Co
ns
id
er
ab
le
va
ri
ab
il
it
y
wi
th
in
lo
ca
ti
on
s
wa
s
en
co
un
te
re
d
es
pe
ci
al
ly
in
th
e
la
ke
tr
ou
t
sa
mp
le
s.
Th
er
e
wa
s,
ho
we
ve
r,
re
as
on
ab
le
ag
re
e—
me
nt
be
tw
ee
n
th
e
me
an
si
ze
of
th
e
co
ll
ec
ti
on
s
at
al
l
lo
ca
ti
on
s
fo
r
la
ke
tr
ou
t
an
d
bl
oa
te
r
ch
ub
,
th
e
co
ef
fi
ci
en
ts
of
va
ri
at
io
n
(s
ta
nd
ar
d
de
vi
at
io
n/
me
an
)
be
in
g
on
ly
6%
.
Me
an
si
ze
s
of
sc
ul
pi
ns
we
re
sl
ig
ht
ly
mo
re
va
ri
ab
le
an
d
bu
rb
ot
an
d
la
ke
he
rr
in
g
da
ta
ar
e
no
t
sh
ow
n
be
ca
us
e
of
th
ei
r
in
fr
eq
ue
nt
oc
cu
rr
en
ce
.
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2
NU
MB
ER
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NG
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D
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AN
WE
IG
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E
SA
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S
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FI
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IN
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FS
HO
RE
LA
KE
SU
PE
RI
OR
LO
CA
TI
ON
S
FO
R
CO
NT
AM
IN
AN
T
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a
Tr
LA
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T
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BL
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TE
R
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UB
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HE
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G
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Y
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UL
PI
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S
No
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ng
th
,
We
ig
ht
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Le
ng
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We
ig
ht
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Le
ng
th
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We
ig
ht
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ng
th
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We
ig
ht
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.
Le
ng
th
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We
ig
ht
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g
mm
g
mm
g
mm
g
mm
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Gr
an
d
Ma
ra
is
12
51
2(
26
)
15
67
(1
97
)
50
26
1(
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17
8(
4)
34
60
3.
3(
0.
l4
)
Du
lu
th
41
58
6(
6)
22
64
(7
4)
50
27
0(
3)
17
7(
6)
50
40
2.
4
Ap
os
tl
e
Is
la
nd
s
46
59
4(
10
)
26
61
(1
36
)
50
41
5(
6)
53
0(
22
)
70
23
6(
1)
15
2(
4)
50
74
(1
)
4.
9(
0.
3)
Ke
we
en
aw
Po
in
t
50
54
6(
6)
20
71
(7
0)
50
27
1(
3)
20
8(
5)
 
Wh
it
ef
is
h
Po
in
t
30
56
5(
17
)
23
12
(1
93
)
64
23
3(
2)
12
6(
4)
92
72
(1
)
4.
5(
0.
2)
Co
pp
er
mi
ne
Ba
nk
49
52
2(
5)
24
88
(8
0)
45
35
6(
4)
42
5(
16
)
49
25
2(
2)
17
5(
3)
Ch
um
my
Ba
nk
V
50
48
6(
7)
14
12
(6
7)
50
38
0(
4)
58
6(
15
)
Pi
c
Ba
nk
50
53
8(
5)
19
42
(5
3)
35
43
3(
12
)
68
5(
68
)
Ba
te
au
Ro
ck
50
53
2(
7)
18
55
(8
1)
10
27
3(
12
)
21
7(
32
)
              
a.
Th
e
nu
mb
er
in
pa
re
nt
he
se
s
is
th
e
st
an
da
rd
er
ro
r
of
th
e
me
an
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 TAB
LE
5.6
—3
TH
E
NU
MB
ER
S
OF
WH
OL
E
FIS
H
HO
MO
GE
NA
TE
S
PR
EP
AR
ED
FR
OM
LAK
E
SU
PE
RI
OR
FIS
H
AND
TH
E
MA
NN
ER
OF
GR
OU
PI
NG
IN
DI
VI
DU
AL
FIS
H
 
LOC
ATI
ON
LAK
E
TRO
UT
BLO
ATE
R
CHU
B
SLI
MY
SCU
LPI
NS
BUR
BOT
LAK
E
HER
RIN
G
Gra
nd
Mar
ais
10(
2X2
+8x
l)a
10(
10x
5)
2(l
xl9
+lx
15)
Dul
uth
10(
1X5
+9X
4)
10(
10x
5)
3(2
xl7
+lx
l6)
Apo
stl
e I
sla
nds
10(
6x5
+4x
4)
10(
10x
7)
10(
10x
5)
10(
10x
5)
Kew
een
aw
Poi
nt
10(
10x
5)
10(
10x
5)
Whi
tef
ish
Poi
nt
10(
10x
3)
10(
4x7
+6x
6)
10(
2x1
0+8
x9)
Cop
per
min
e
Ban
k
10(
9x5
+1x
4)
10(
9x5
+1x
4)
10(
5x5
+5x
4)
Ch
um
my
Ba
nk
10
(1
0x
5)
10
(1
0x
5)
Pic
Ban
k
10(
10x
5)
10(
5x4
+5x
3)
Bat
eau
Roc
k
10(
10x
5)
2(2
x5)
 
3
7
3
    
a.
To
be
rea
d a
s
ten
hom
oge
nat
es,
two
of
two
fis
h
eac
h,
eig
ht
of
one
fis
h
onl
y.
    
 I
l
L
j
l
 
L
A
B
O
R
A
T
O
R
Y
P
R
O
C
E
D
U
R
E
A
N
D
M
E
T
H
O
D
S
O
n
r
e
c
e
i
p
t
a
t
t
h
e
F
r
e
s
h
w
a
t
e
r
I
n
s
t
i
t
u
t
e
,
s
a
m
p
l
e
s
w
e
r
e
s
e
p
a
r
a
t
e
d
,
i
d
e
n
t
i
—
fied, weighed, and measured.
I
n
d
i
v
i
d
u
a
l
w
e
i
g
h
t
s
a
n
d
le
ng
th
s
w
e
r
e
r
e
c
o
r
d
e
d
fo
r
m
o
s
t
s
p
e
c
i
m
e
n
s
,
b
ut
m
e
a
n
s
o
n
l
y
w
e
r
e
o
b
t
a
i
n
e
d
fo
r
so
me
s
a
m
p
l
e
s
of
ve
r
y
s
m
a
l
l
s
l
i
m
y
s
c
ul
p
i
n
s
.
F
i
s
h
we
re
gr
ou
pe
d,
pr
ef
er
ab
ly
by
fi
ve
s
to
ma
ke
10
co
mp
os
it
e
sa
mp
le
s
fo
r
an
al
ys
is
,
si
ze
an
d
se
x
be
in
g
di
sr
eg
ar
de
d.
Mo
st
of
th
e
Ca
na
di
an
sa
mp
le
s
ha
d
al
re
ad
y
be
en
gr
ou
pe
d.
Ta
bl
e
5.
6-
3
sh
ow
s,
by
lo
ca
ti
on
an
d
sp
ec
ie
s,
th
e
nu
mb
er
of
co
mp
os
it
e
sa
mp
le
s
pr
ep
ar
ed
fr
om
th
em
an
d
th
e
gr
ou
pi
ng
em
pl
oy
ed
.
La
rg
e
fi
sh
we
re
cu
t
up
wi
th
a
ba
nd
sa
w
so
as
to
go
in
to
th
e
ma
ch
in
e,
an
d
th
en
ho
mo
ge
ni
ze
d
by
at
le
as
t
fo
ur
pa
ss
es
th
ro
ug
h
a
Ho
ba
rt
gr
in
de
r,
by
wh
ic
h
ti
me
th
e
ti
ss
ue
ha
d
pa
rt
ly
th
aw
ed
.
Th
e
re
su
lt
an
t
mu
sh
wa
s
pu
t
in
to
th
re
e
se
pa
ra
te
co
nt
ai
ne
rs
,
re
fr
oz
en
,
an
d
ke
pt
at
-2
0°
C
un
ti
l
an
al
yz
ed
.
Th
e
sl
im
y
sc
ul
pi
n
sa
mp
le
s
we
re
ho
mo
ge
ni
ze
d
in
a
bl
en
de
r
by
th
e
dr
y-
ic
e
pr
oc
ed
ur
e
of
Benville and Tindle (23).
Th
e
an
al
yt
ic
al
me
th
od
s
em
pl
oy
ed
to
de
te
rm
in
e
co
nc
en
tr
at
io
ns
of
va
ri
ou
s
co
nt
am
in
an
ts
ha
ve
be
en
re
po
rt
ed
in
de
ta
il
(2
4)
.
Me
ta
ls
we
re
de
te
rm
in
ed
,
af
te
r
ap
pr
op
ri
at
e
sa
mp
le
pr
ep
ar
at
io
n,
by
at
om
ic
ab
so
rp
ti
on
sp
ec
tr
os
co
py
(A
AS
)
in
an
ai
r-
ac
et
yl
en
e
fl
am
e
ex
ce
pt
fo
r
me
rc
ur
y
an
d
ar
se
ni
c
fo
r
wh
ic
h
fl
am
el
es
s
AA
S
wa
s
em
pl
oy
ed
.
Or
ga
ni
cs
we
re
ex
tr
ac
te
d,
el
ut
ed
,
an
d
de
te
rm
in
ed
by
ch
ro
ma
-
tographic methods.
As
a
te
st
of
th
e
pr
ec
is
io
n
of
th
es
e
me
th
od
s
al
l
an
al
ys
es
we
re
pe
rf
or
me
d
re
pe
at
ed
ly
on
a
sa
mp
le
of
fi
sh
ti
ss
ue
;
th
e
ex
ce
pt
io
n
wa
s
ar
se
ni
c
an
al
ys
es
wh
ic
h
we
re
pe
rf
or
me
d
on
U.S
.
Na
ti
on
al
Bu
re
au
of
St
an
da
rd
s
(NB
S)
or
ch
ar
d
le
av
es
.
Th
e
fi
sh
sa
mp
le
wa
s
an
al
yz
ed
4
ti
me
s
fo
r
ea
ch
of
th
e
pe
st
ic
id
es
an
d
PC
B'
s
an
d
10
ti
me
s
fo
r
ea
ch
of
th
e
me
ta
ls
ex
ce
pt
me
rc
ur
y
wh
ic
h
wa
s
an
al
yz
ed
20
tim
es
(Ta
ble
5.6
-4)
.
The
sam
ple
of
NBS
orc
har
d
lea
ves
was
ana
lyz
ed
for
ars
eni
c
in
two
ser
ies
,
the
fir
st
24
tim
es
and
the
sec
ond
9
tim
es.
Wel
l
ove
r
hal
f o
f t
he
dif
fer
ent
ana
lys
es
sho
wed
exc
ell
ent
coe
ffi
cie
nts
of
var
iat
ion
(re
lat
ive
sta
nda
rd
dev
iat
ion
)
of
<10
%.
The
rem
ain
der
wer
e <
20Z
exc
ept
for
the
ana
lys
es
of
die
ldr
in,
lin
dan
e,
chl
ord
ane
, a
nd
cad
miu
m w
hic
h h
ad
coe
ffi
-
cie
nts
of
var
iat
ion
ran
gin
g f
rom
28
to
40%.
Thu
s,
the
res
ult
s o
f r
out
ine
anal
yses
for
thes
e co
ntam
inan
ts
(die
ldri
n,
lind
ane,
chlo
rdan
e, a
nd c
admi
um)
are Suspect because of relatively high variation.
For
dete
rmin
atio
ns o
f ra
dioa
ctiv
e co
ntam
inan
ts,
W5 g
of a
sh w
as r
equi
red
for counting which was performed by Atomic Energy of Canada Ltd. at Pinawa,
Manitoba, using a Beckman Wide Beta planchet counting system (gas flow) with
a method based on low—environment work. The count was for either 1000 counts
or 1000 minutes.
Spark source mass spectrometry analyses were performed on two composite
samples of whole lake trout from Coppermine Bank and from the Apostle Islands
by the United States Environmental Protection Agency (EPA) Environmental Re—
search Laboratory, Athens, Georgia. All samples were run in duplicate and
the results show little or no difference among the various fish. Results for
374
 
nIIIIIII|IIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
  
TABLE 5.6-4
REPRODUCIBILITY
0F
ANALYSES
(UG/G)
;
STANDARD
;
g
n
MEAN
DEVIATION
2 E
i
(i)
!
‘
i
PCB
4
3.93
0.29
j
l
Dieldrin
4
0.18
0.05
E
i
i
Lindane
(BHC)
4
0.033
0,010
2
Chlordane
4
0.35
0.11
3
Total DDT
4
8.66
0.70
§ i
op' DDT
4
0.54
0.04
1
pp' DDT
4
2.35
0.21
i
op' DDE 4 0.035 0.003
pp' DDE
4
5.31
0.59
pp' DDD 4 0.49 0.03
Arsenic 24
'
9
Cadmium 10
Chromium 10
Copper 10
Lead 10
Mercury 20
Selenium 10
Zinc 10
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Zr
,
Cu
,
Ni
,
a
n
d
A
1
a
r
e
n
o
t
r
e
p
o
r
t
e
d
d
u
e
to
c
o
m
p
a
r
a
b
l
e
v
a
l
u
e
s
f
o
u
n
d
in
t
h
e
formic acid blank.
n
i
c
o
r
g
a
n
i
c
c
o
n
t
a
m
i
n
a
n
t
s
w
e
r
e
p
e
r
f
o
r
m
e
d
o
n
tw
o
co
mp
os
it
e
sa
mp
le
s
of
La
ke
Su
pe
ri
or
la
ke
tr
ou
t
fr
om
Co
pp
er
mi
ne
Ba
nk
an
d
fr
om
th
e
Ap
os
tl
e
Is
la
nd
s
by
th
e
U.
S.
EP
A
En
vi
ro
nm
en
ta
l
Re
se
ar
ch
La
bo
ra
to
ry
,
Du
lu
th
,
Mi
nn
es
ot
a.
De
ta
il
s
of
th
e
an
al
ys
es
an
d
re
su
lt
in
g
sp
ec
tr
a
ar
e
av
ai
l—
able in a separate report (25).
RESULTS
Qualitative scans for nonio
Av
er
ag
e
co
nc
en
tr
at
io
ns
of
th
os
e
tr
ac
e
me
ta
ls
an
d
or
ga
ni
cs
fo
r
wh
ic
h
fu
ll
qu
an
ti
ta
ti
ve
an
al
ys
es
we
re
pe
rf
or
me
d
ar
e
gi
ve
n
in
Ta
bl
es
5.
6-
5
-
5.
6—
9.
Th
e
va
lu
es
pr
es
en
te
d
ar
e
ar
it
hm
et
ic
me
an
s
of
th
e
co
nc
en
tr
at
io
ns
fo
un
d
in
th
e
10
(o
r
fe
we
r)
co
mp
os
it
e
sa
mp
le
s
of
wh
ol
e
fi
sh
of
ea
ch
sp
ec
ie
s
at
ea
ch
sa
mp
li
ng
st
at
io
n.
Th
e
la
ke
av
er
ag
es
pr
es
en
te
d
in
th
e
la
st
co
lu
mn
of
ea
ch
ta
bl
e
ar
e
si
mp
le
un
we
ig
ht
ed
av
er
ag
es
fo
r
al
l
st
at
io
ns
fo
r
ea
ch
co
nt
am
in
an
t.
Be
ca
us
e
no
t
al
l
st
at
io
ns
we
re
sa
mp
le
d
fo
r
ea
ch
co
nt
am
in
an
t,
th
es
e
av
er
ag
es
ar
e
no
t
al
l
eq
ua
ll
y
re
pr
es
en
ta
ti
ve
of
la
ke
-w
id
e
co
nd
it
io
ns
no
r,
co
ns
id
er
in
g
th
e
va
ri
ab
le
sa
mp
le
si
ze
s,
ca
n
th
e
es
ti
ma
te
s
of
er
ro
r
al
l
be
co
ns
id
er
ed
eq
ua
ll
y
precise.
St
an
da
rd
s
or
gu
id
el
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e
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(26
).
Th
is
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or
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d
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th
e
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mp
ar
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on
in
Ta
bl
e
5.
6-
10
whi
ch
sho
ws
the
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ult
s
of
ana
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es
of
com
par
abl
e
sam
ple
s
of
Apo
stl
e
Isl
and
s
lak
e
tro
ut,
one
set
of
ana
lys
es
per
for
med
on
fil
let
s
onl
y,
the
oth
er
on
who
le
fis
h.
It
is
the
ref
ore
rea
son
abl
e t
o c
onc
lud
e t
hat
who
le
fis
h s
amp
les
dis
-
pla
yin
g c
onc
ent
rat
ion
s m
uch
in
exc
ess
of
hea
lth
gui
del
ine
s w
oul
d a
lmo
st
cer
tai
nly
do
so
had
the
det
erm
ina
tio
ns
bee
n m
ade
on
edi
ble
por
tio
ns.
Hen
ce,
in
the
pre
sen
t s
tud
y,
man
y o
f t
he
lak
e t
rou
t s
amp
les
and
one
bur
bot
sam
ple
alm
ost
cer
tai
nly
exc
eed
exi
sti
ng
hea
lth
gui
del
ine
s (
27.
2%)
for
one
or
mor
e
of: PCB's (2 pg/g Canada, 5.0 ug/g U.S.), DDT (5.0 ug/g), mercury (0.5
ug/g), or dieldrin (0.3 ug/g).
Burb
ot
from
Pic
Bank
carr
ied
0.80
ug/g
merc
ury,
well
over
the
guid
elin
e.
Keweenaw Point and Coppermine Bank lake trout were multiply contaminated
with PCB's,.DDT, and mercury, all in excess of the guidelines.
Lake trout from Bateau Rock were also suffering from multiple contami—
nation with DDT, mercury, and dieldrin values all in excess of the guidelines.
Apostle Islands lake trout carried both DDT and dieldrin in excess of
the guidelines, while those from Grand Marais and Pic Bank, though not entire-
ly free from organic contaminants, carried only mercury in excess of the 0.5
ug/g health guideline.
376
 
  
TABLE
5.6—5
MEAN C
ONCENT
RATION
S OF T
RACE M
ETALS
AND OR
GANIC
CONTAM
INANTS
(uG/G)
AND FA
T (%)
IN SL
IMY S
CULPI
NS (
WHOLE
FISH)
FROM
THE O
PEN W
ATERS
OF LA
KE SU
PERIO
Ra
 
COMPOUN
D or
LAKE AV
ERAGE
ELEMENT
GRAND M
ARAIS
DULUTH
APOSTLE
ISLANDS
WHITEFI
SH POIN
T
(UNWEIGH
TED)
Nb
no
Fat
Total PCB
Total DDT
op' DDT
op' DDE
pp' DDT
pp' DDE
pp' DDD
Diel
drin
Lindan
e (BHC
)
Chlordane
Methox
ychlor
Mercury
0.16 (0.00)
0.05 (0.006
)
Arsenic
Cadmium
-
Chromium
-
Copper
4.59d(o.22)
Lead
-
Selenium 0 60 (0.01)
Zinc
21.0d (0.36)
0L
n
0I
n
Q
m
9
2
10
(0.2
6)
4
(0.2
2)
4.2
(0.02
)
0.16
(0.02
)
0.25
(0.0
2)
0.16
(0.0
1)
0.18
(0.00
6)
0.03
(0.00
5)
0.02
(0.0
02)
0.01
(0.0
02)
0.01
(0.00
5)
0.04
(0.00
4)
0.05
(0.00
7)
0.06
(0.01
)
0.06
(0.00
3)
0.02
(0.00
3)
0.03
(0.00
6)
0.05
(0.00
3)
0.04
(0.
003
)
(0.
006
)
r
—
4
(0.
50)
(0
.1
4)
(0.06)
(0
.0
1)
(0.
00)
(0
.0
1)
(
0
.
0
2
)
(0.
01)
(0.
005
)
(0.
33)
(
0
.
0
5
)
(0.01)
(0.
003
)
(0.00)
(0.009)
(0.
003
)
(0.
003
)
(0.
003
)
o
o
(
D
C
D
N
v
-
I
N
D
N
N
I
A
H
‘
O
I
D
N
Q
v
—
l
v
-
I
O
O
O
O
O
O
O
O
O
O
N
o
M
N
O
O
O
O
O
O
o
.
N
H
O
O
O
O
O
O
O
‘
N
N
H
m
m
M
N
m
-
a
o
o
6
o
o
o
o
c
o
o
m
H
w
s
w
q
N
n
a
e
-
o
o
o
6
o
o
o
c
3
7
7
o
m
o
o
o
o
o
d
o
o
o
o
9
o
c
(0.004)
0.09 (0
.006)
0.09
(
0
.
0
0
7
)
  
 
  
 
a. The number in parentheses is the standard error of the mean.
b. Number of individual fish.
c. Number of composites analyzed.
d. n = 8
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a. The number in parentheses is the standard error of the mean.
b.
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c. Number of composites analyzed.
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The lake trout from these offending locations are of modest Size, average
total length 544 mm, average weight 2.17 kg, and reasonably consistent in
size (Figure 5.6—4) in accordance with the sampling design. Evidence already
‘
presented, based on the work of Reinert and associates (6, 16) and Parejko
1
and associates (11, 18) indicates that larger lake trout would be expected to
‘
display still more elevated concentrations of DDT and PCB's.
Since size is
correlated with age one would expect other contaminants to display an increase
with size also.
PCB'S
i
Intended to preserve the integrity of the ecosystem and the health of
i
the fish themselves, the proposed Agreement objectives for metallic and i 1
organic contaminants, summarized in Appendix C, are often more stringent than ‘ l
jurisdictional guidelines. Many samples exceeded the desired objectives for i E
‘ whole fish concentrations. The contaminant most often offending was PCB's. : ;
1
The proposed Agreement objective for PCB's in whole fish is 0.1 ug/g. Every
I ‘
sample of whole fish collected exceeded this objective with average concentrations 1
ranging from a low of 0.16 ug/g in slimy sculpin from Whitefish Point to a 3 '
high of 4.32 ug/g in lake trout from Keweenaw Point. The highest concentration
encountered in bloater chubs, also from Keweenaw Point, was 1.45 ug/g, consi—
derably below the high value of 2.61 ug/g for this species in Lake Huron ‘,
(Volume II, Chapter 5.6). Lakewide averages for total PCB's were 0.25 ug/g $.-
in slimy sculpins, 1.03 ug/g in bloater chub, 1.49 ug/g in burbot, and 2.02
ug/g in lake trout. The single sample of lake herring contained 0.47 ug/g.
  
DDT }
The proposed Agreement objective of 1.0 ug/g total DDT in whole fish was
also frequently exceeded in open water Lake Superior fish. Average concen-
trations of total DDT ranged from a low of 0.16 ug/g in slimy sculpin from
Whitefish Point to a high of 8.17 ug/g in lake trout from Coppermine Bank.
The lake-wide averages for total DDT were 0.18 Ug/g in slimy sculpins, 1.55
Ug/g in bloater chub, 1.49 ug/g in burbot, and 4.38 ug/g in lake trout. The
single sample of lake herring contained 0.71 ug/g total DDT. The present
lake trout data compared to that collected by Reinert and colleagues in the
late 1960's (6, l6) fail to display a discernible reduction in the average
DDT levels when comparisons are based on fish of equal size. Thus, the
average of the concentrations of total DDT obtained in this study from sam—
ples taken at Grand Marais, Duluth, and the Apostle Islands was 3.25 ug/g,
while the average of values for lake trout of the same sizes as those taken
at each of these locations calculated from the log—log regression derived
from Reinert's pooled data (which came from nearby waters) is 3.28 ug/g. §,fj
r MERCURY
The proposed Agreement objective of 0.5 ug/g for mercury in whole fish
was also exceeded in a number of samples of open water Lake Superior fish.
Average concentrations of mercury ranged from a low of 0.05 ug/g in slimy
J sculpin from Duluth to 0.88 ug/g in lake trout from Keweenaw Point. The
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 TABLE 5.6-10
MEAN CONCENTRATIONS OF TRACE METALS AND ORGANIC CONTAMINANTS (UG/G)
AND FAT (Z) IN LAKE TROUT (WHOLE FISH AND FILLETS) FROM THE
OPEN WATERS IN THE APOSTLE ISLANDS, LAKE SUPERIORa
 
COMPOUND WHOLE LAKE TROUT LAKE TROUT FILLET 1
or ELEMENT 1
N: 46 49 I
n 10 10 1
Fat 15 (0.60) 9 (0.38) I
Total PCB 1.80 (0.22) 1.68 (0.15)
Total DDT 6.29 (0.76) 2.99 (0.31)
op' DDT 0.62 (0.07) 0.31 (0.03) '
op' DDE 0.34 (0.04) 0.14 (0.01)
pp' DDT 1.25 (0.21) 0.67 (0.08)
pp' DDE 3.28 (0.48) 1.50 (0.20)
pp' DDD 0.80 (0.05) 0.37 (0.03)
Dieldrin 0.47 (0.04) 0.21 (0.02)
Lind
ane
(BHC
)
0.05
(0.0
08)
0.03
(0.0
06)
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(0.02
)
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)
A
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)
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)
I
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(0.0
2)
1
Le
ad
0.
05
(0
.0
05
)
0.
01
2(
0.
00
2)
1
Sel
eni
um
0.4
0 (
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b. Number of individual fish.
c. Number of composites analyzed.
     
 l
a
k
e
—
w
i
d
e
a
v
e
r
a
g
e
s
w
e
r
e
0
.
0
9
u
g
/
g
i
n
s
l
i
m
y
s
c
u
l
p
i
n
s
,
0
.
1
6
u
g
/
g
in
b
l
o
a
t
e
r
c
h
ub
,
0
.
5
6
u
g
/
g
i
n
b
u
r
b
o
t
,
a
n
d
0
.
5
1
u
g
/
g
i
n
l
a
k
e
tr
ou
t.
T
h
e
s
i
n
g
l
e
s
a
m
p
l
e
o
f
la
ke
he
rr
in
g
co
nt
ai
ne
d
0.
16
ug
/g
me
rc
ur
y.
D
I
E
L
D
R
I
N
;
C
H
L
O
R
D
A
N
E
;
A
R
S
E
N
I
C
;
A
N
D
C
O
P
P
E
R
Of
th
e
r
e
m
a
i
n
i
n
g
c
o
n
t
a
m
i
n
a
n
t
s
th
at
w
e
r
e
r
0
u
t
i
n
e
l
y
a
n
a
l
y
z
e
d
in
a
q
u
a
n
t
i
-
t
a
t
i
ve
m
a
n
n
e
r
,
f
o
ur
d
e
s
e
r
v
e
p
a
r
t
i
c
u
l
a
r
di
sc
us
si
on
.
T
h
e
s
e
ar
e
d
i
e
l
d
r
i
n
,
c
h
l
o
r
d
a
n
e
,
ar
se
ni
c,
a
n
d
co
pp
er
.
R
e
l
a
t
i
v
e
l
y
h
i
g
h
le
ve
ls
of
d
i
e
l
d
r
i
n
w
e
r
e
fo
un
d
in
bl
oa
te
r
ch
ub
s
an
d
la
ke
tr
Ou
t
fr
om
th
e
Ap
os
tl
e
Is
la
nd
s,
0.
25
an
d
0.
47
ug
/g
re
sp
ec
ti
ve
ly
,
an
d
in
la
ke
tr
ou
t
fr
om
Ba
te
au
Ro
ck
,
0.
32
ug
/g
,
as
op
po
se
d
to
a
ra
ng
e
of
0.
01
to
0.
12
ug
/g
fo
r
al
l
ot
he
r
sa
mp
le
s.
Th
e
gu
id
el
in
e
is
0.
3
ug
/g
in
th
e
ed
ib
le
po
rt
io
n
of
fi
sh
.
Al
th
ou
gh
th
es
e
va
lu
es
ca
n
sc
ar
ce
ly
be
co
ns
id
er
ed
to
re
pr
es
en
t
a
wi
de
sp
re
ad
ri
sk
to
hu
ma
n
he
al
th
,
th
ey
do
su
gg
es
t
th
at
di
el
dr
in
le
ve
ls
in
ch
ub
s,
la
ke
tr
ou
t,
an
d
ot
he
r
im
po
rt
an
t
fo
od
or
re
—
cr
ea
ti
on
al
fi
sh
sh
ou
ld
be
fo
ll
ow
ed
cl
os
el
y.
Th
e
re
ce
nt
ph
as
e-
ou
t
of
di
el
dr
in
ma
nu
fa
ct
ur
e
an
d
us
e
(1
97
4—
75
)
sh
ou
ld
so
on
be
re
fl
ec
te
d
in
de
cl
in
in
g
le
ve
ls
of
this pesticide.
Re
si
du
es
of
ch
lo
rd
an
e
we
re
pr
es
en
t
at
co
nc
en
tr
at
io
ns
fr
om
0.
06
ug
/g
in
sl
im
y
sc
ul
pi
n
at
th
e
Ap
os
tl
e
Is
la
nd
s
st
at
io
n
to
0.
59
ug
/g
in
la
ke
tr
ou
t
fr
om
Co
pp
er
mi
ne
Ba
nk
.
Th
e
us
e
of
ch
lo
rd
an
e
is
no
w
su
sp
en
de
d
in
th
e
Un
it
ed
St
at
es
an
d
is
pe
rm
it
te
d
fo
r
on
ly
li
mi
te
d
ag
ri
cu
lt
ur
al
us
e
in
Ca
na
da
.
It
is
no
t
kn
ow
n
if
th
e
el
ev
at
ed
le
ve
ls
in
La
ke
Su
pe
ri
or
fi
sh
re
pr
es
en
t
a
pa
st
pr
ob
le
m
or
ar
e
of
cu
rr
en
t
co
nc
er
n
an
d
re
la
te
d
to
co
nt
in
ui
ng
so
ur
ce
s
to
th
e
la
ke
.
Fu
tu
re
tr
en
ds
of
th
is
pe
st
ic
id
e
sh
ou
ld
be
fo
ll
ow
ed
cl
os
el
y
in
pl
an
ne
d
su
r-
veillance programs.
Ar
se
ni
c
wa
s
fo
un
d
in
co
nc
en
tr
at
io
ns
ra
ng
in
g
fr
om
0.
24
ug
/g
in
sl
im
y
sc
ul
pi
n
at
th
e
Ap
os
tl
e
Is
la
nd
s
to
0.
74
ug
/g
in
bl
oa
te
r
ch
ub
at
th
e
sa
me
lo
ca
ti
on
.
Le
ve
ls
ne
ar
ly
as
hi
gh
as
th
e
la
tt
er
we
re
al
so
en
co
un
te
re
d
in
bu
rb
ot
an
d
la
ke
tr
ou
t
bu
t
no
va
lu
es
ap
pr
oa
ch
ed
th
e
2.
26
ug
/g
in
bl
oa
te
r
ch
ub
fr
om
no
rt
hw
es
te
rn
La
ke
Hu
ro
n
(V
ol
um
e
II
,
Ch
ap
te
r
5.
6)
.
Fu
tu
re
tr
en
ds
in
ar
se
ni
c
co
nt
am
in
at
io
n
sh
ou
ld
be
an
ob
je
ct
of
su
rv
ei
ll
an
ce
to
es
ta
bl
is
h
th
e
so
ur
ce
of
th
e
co
nt
am
in
an
t
an
d
th
e
pa
th
wa
ys
by
wh
ic
h
it
is
re
ac
hi
ng
fi
sh
.
Co
pp
er
va
lu
es
ra
ng
e
fr
om
0.
70
ug
/g
in
bl
oa
te
r
ch
ub
fr
om
bo
th
th
e
Ap
os
tl
e
Is
la
nd
s
an
d
Co
pp
er
mi
ne
Ba
nk
to
4.
59
ug
/g
in
sl
im
y
sc
ul
pi
n
fr
om
th
e
Ap
os
tl
e
Is
la
nd
s.
Th
e
la
tt
er
va
lu
e
is
of
in
te
re
st
in
be
in
g
se
ve
ra
l
ti
me
s
la
rg
er
th
an
th
os
e
in
ei
th
er
bu
rb
ot
or
la
ke
tro
ut.
It
is
no
t,
ho
we
ve
r,
an
an
om
al
y
as
si
mi
la
r
va
lu
es
ha
ve
be
en
re
co
rd
ed
be
fo
re
fo
r
La
ke
Su
pe
ri
or
sc
ul
pi
ns
(27
).
Con
sid
eri
ng
the
ir
int
ima
te
ass
oci
ati
on
wit
h
the
bot
tom
,
scu
lpi
ns
may
wel
l b
e
a
sin
k
for
cer
tai
n
con
tam
ina
nts
esp
eci
all
y a
sso
cia
ted
wit
h
sed
ime
nts
and
/or
bottom fauna.
O
T
H
E
R
I
N
O
R
G
A
N
I
C
C
O
N
S
T
I
T
U
E
N
T
S
Tab
le
5.6
-11
giv
es
the
res
ult
s o
f s
par
k s
our
ce
mas
s s
pec
tro
met
ric
(SS
MS)
ana
lys
es
for
tra
ce
ele
men
ts
in
who
le-
fis
h s
amp
les
of
lak
e t
rou
t f
rom
Cop
per
—
mine
Bank
and
the
Apos
tle
Isla
nds.
As a
ntic
ipat
ed,
a su
bsta
ntia
l li
st o
f
tra
ce
met
als
, r
are
ear
ths
, a
nd
oth
er
ele
men
ts
wer
e i
den
tif
ied
.
Man
y o
f t
hes
e
384
 
 TABLE 5.6—11
TRACE ELEMENTS DETECTED BY SPARK SOURCE MASS SPECTROMETRY IN
WHOLE-FISH SAMPLES OF LAKE TROUT FROM THE OPEN WATERS OF
CONCENTRATIONS IN UG/G
LAKE SUPERIOR.
  
ELEMENT COPPERMINE BANK APOSTLE ISLANDS
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n
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n
s
o
f
t
h
e
r
e
s
u
l
t
s
o
n
t
r
a
c
e
o
r
g
a
n
i
c
s
d
i
f
f
e
r
g
r
e
a
t
l
y
f
r
o
m
t
h
o
s
e
f
o
r
t
r
a
c
e
e
l
e
m
e
n
t
s
.
W
h
e
r
e
a
s
m
o
s
t
of
t
h
e
t
r
a
c
e
e
l
e
m
e
n
t
s
c
a
n
b
e
a
s
s
u
m
e
d
a
v
a
i
l
a
b
l
e
a
s
a
n
a
t
u
r
a
l
c
o
n
s
t
i
t
u
e
n
t
to
s
o
m
e
d
e
g
r
e
e
in
th
e
G
r
e
a
t
L
a
k
e
s
Ba
si
n,
th
e
va
s
t
m
a
j
o
r
i
t
y
of
th
e
or
ga
ni
cs
th
at
we
re
de
te
ct
ed
ca
n
on
ly
be
at
tr
ib
ut
ed
to
pr
od
uc
ts
of
m
a
n
an
d
hi
s
ac
ti
vi
ti
es
.
Of
gr
ea
te
st
co
nc
er
n
is
th
e
pr
es
en
ce
at
de
te
ct
ab
le
le
ve
ls
of
a
wi
de
va
ri
et
y
of
pe
st
ic
id
es
no
te
d
fo
r
th
ei
r
st
ab
le
ch
ar
ac
te
ri
st
ic
s
an
d
lo
ng
li
ve
s
in
aq
ua
ti
c
sy
st
em
s.
To
o
li
tt
le
is
kn
ow
n
of
th
e
ch
ro
ni
c
ef
fe
ct
s,
si
ng
ly
an
d
to
ge
th
er
,
of
th
es
e
pe
st
ic
id
es
an
d
ot
he
r
or
ga
ni
c
co
nt
am
in
an
ts
to
pe
rm
it
an
y
es
ti
ma
te
of
th
e
di
re
ct
ri
sk
to
fi
sh
st
oc
ks
or
to
wi
ld
li
fe
an
d
ma
n
as
a
co
ns
um
er
of
th
is
lo
w
le
ve
l
co
nt
am
in
at
io
n.
St
il
l
le
ss
is
kn
ow
n
of
th
e
pa
th
wa
ys
by
wh
ic
h
th
ey
re
ac
h
fi
sh
an
d
th
e
ef
fe
ct
s
wh
ic
h
th
ey
ma
y
ha
ve
on
ot
he
r
co
mp
on
en
ts
of
th
e
aq
ua
ti
c
ec
os
ys
te
m
an
d
he
nc
e
in
di
re
ct
ly
on
fi
sh
.
RADIOACTIVITY
Ta
bl
e
5.
6-
13
pr
es
en
ts
th
e
le
ve
ls
of
ra
di
oa
ct
iv
it
y
(t
ot
al
B—
an
d
Y—
'
ac
ti
vi
ty
)
de
te
ct
ed
in
wh
ol
e—
fi
sh
sa
mp
le
s
of
la
ke
tr
ou
t
fr
om
th
e
Ap
os
tl
e
Is
la
nd
s,
Ke
we
en
aw
Po
in
t,
Co
pp
er
mi
ne
Ba
nk
,
an
d
Ba
te
au
Ro
ck
.
Th
e
le
ve
ls
de
-
te
ct
ed
ar
e
co
ns
id
er
ed
lo
w
an
d
no
pr
ob
le
ms
ar
e
in
di
ca
te
d
re
la
ti
ve
to
ra
di
o-
ac
ti
vi
ty
in
fi
sh
fr
om
th
e
op
en
wa
te
rs
of
th
e
la
ke
.
S
O
U
R
C
E
S
O
F
C
O
N
T
A
M
I
N
A
T
I
O
N
Wi
th
fe
w
ex
ce
pt
io
ns
,
op
en
wa
te
r
da
ta
of
fe
r
no
co
nv
in
ci
ng
cl
ue
s
as
to
th
e
or
ig
in
of
th
e
co
nt
am
in
an
ts
.
Th
e
DD
T
an
d
di
el
dr
in
co
nt
am
in
at
io
n
of
Ap
os
tl
e
Is
la
nd
s
la
ke
tr
ou
t
pr
ob
ab
ly
re
fl
ec
ts
pa
st
us
e
of
th
es
e
pe
st
ic
id
es
in
th
e
ex
te
ns
iv
e
or
ch
ar
ds
of
th
e
ne
ar
by
Ba
yf
ie
ld
Pe
ni
ns
ul
a.
Si
mi
la
rl
y,
th
e
me
rc
ur
y
  
 T
A
B
L
E
5
.
6
—
1
2
OR
GA
NI
C
CO
MP
OU
ND
S
(N
ON
IO
NI
C)
DE
TE
CT
ED
(+
)
AN
D
NO
T
DE
TE
CT
ED
(—
)
BY
CO
MB
IN
ED
GA
S
CH
RO
MA
TO
GR
AP
HY
-
MA
SS
SP
EC
TR
OM
ET
RY
IN
WH
OL
E-
FI
SH
SA
MP
LE
S
OF
LA
KE
TR
OU
T
FR
OM
TH
E
OP
EN
WA
TE
RS
OF
LA
KE
SU
PE
RI
OR
 
 
3
8
7
CO
MP
OU
ND
ES
TI
MA
TE
D
CO
NC
EN
TR
AT
IO
N
RA
NG
E
DE
TE
CT
ED
Ug/g
AP
OS
TL
E
IS
LA
ND
S
CO
PP
ER
MI
NE
BA
NK
Biph
enyl
Na
pt
ha
le
ne
&
me
th
yl
na
pt
ha
le
ne
s
Ph
en
an
th
re
ne
—
me
th
yl
ph
en
an
th
re
ne
s
}
Di
et
hy
l
ph
th
al
at
e
Di
bu
ty
l
ph
th
al
at
e
Di
-2
-e
th
yl
he
xy
lp
ht
ha
la
te
Tr
ic
hl
or
ob
en
ze
ne
Te
tr
ac
hl
or
ob
en
ze
ne
Pe
nt
ac
hl
or
ob
en
ze
ne
He
xa
ch
lo
ro
be
nz
en
e
Ch
lo
ro
bi
ph
en
yl
(t
ri
—
th
ro
ug
h
oc
ta
ch
lo
ro
PC
B'
s)
Oc
ta
ch
lo
ro
st
yr
en
e
1,
2,
3,
4,
5,
6—
He
xa
ch
lo
ro
cy
cl
oh
ex
an
e
(a
lp
ha
is
om
er
)
(g
am
ma
is
om
er
)
He
pt
ac
hl
or
ep
ox
id
e
Ch
lo
rd
an
e
(c
is
—
an
d
tr
an
s—
)
No
na
ch
lo
r
(c
is
-
an
d
tr
an
s-
)
Oxy
chl
ord
ane
Di
el
dr
in
pp
'
DD
T
op'
DDE
pp
'
D
D
E
pp
'
DD
D
pp
'
DD
MU
To
xa
ph
en
e
co
mp
on
en
ts
(C
lo
H8
C1
7,
3,
tr
an
s-
)
Me
th
yl
be
nz
ot
hi
op
he
ne
 
0.
01
—
0.
1
0.
01
—
0.
5
0.
01
—
0.
1
0.
01
—
0.
5
0.
00
1-
0.
01
 
n
+
+
+
+
+
u
I
+
+
I
+
I
+
+
+
I
+
+
+
+
+
+
 
+
+
+
+
+
+
+
+
+
+
1
+
+
+
+
+
+
+
+
+
+
+
+
    
  
    
TABLE 5.6-13
M
E
A
N
L
E
V
E
L
S
O
F
R
A
D
I
O
A
C
T
I
V
I
T
Y
I
N
W
H
O
L
E
L
A
K
E
T
R
O
U
T
F
R
O
M
T
H
E
O
P
E
N
W
A
T
E
R
S
O
F
L
A
K
E
S
U
P
E
R
I
O
R
L
O
C
A
T
I
O
N
T
O
T
A
L
8
A
C
T
I
V
I
T
Y
a
T
O
T
A
L
'Y
A
C
T
I
V
I
T
Y
b
(
p
C
i
/
g
w
e
t
w
e
i
g
h
t
)
(
p
C
i
/
g
w
e
t
w
e
i
g
h
t
)
A
p
o
s
t
l
e
I
s
l
a
n
d
s
C
2
.
2
1
0
.
4
3
1
K
e
w
e
e
n
a
w
P
o
i
n
t
1
.
6
8
0
.
3
9
0
C
o
p
p
e
r
m
i
n
e
B
a
n
k
1
.
8
7
0
.
4
1
6
B
a
t
e
a
u
R
o
c
k
2
.
0
4
0
.
4
4
3
T
U
a
.
n
o
K
e
q
u
i
v
a
l
e
n
t
.
b
.
1
3
7
C
s
e
q
u
i
v
a
l
e
n
t
.
N
c
.
C
o
r
r
e
s
p
o
n
d
i
n
g
v
a
l
u
e
s
f
o
r
e
d
i
b
l
e
p
o
r
t
i
o
n
s
w
e
r
e
2
.
9
7
a
n
d
0
.
6
7
0
p
C
i
/
g
w
e
t
w
e
i
g
h
t
    
388
 cont
amin
atio
n ob
serv
ed i
n fi
sh f
rom
Gran
d Ma
rais
and
perh
aps
Dulu
th c
an b
e
ass
oci
ate
d w
ith
the
sou
thw
est
war
d d
rif
t o
f m
erc
ury
—ri
ch
sed
ime
nts
ori
gin
ati
ng
in e
arli
er
indu
stri
al a
nd m
inin
g op
erat
ions
in T
hund
er B
ay
anda
djac
ent
area
s
of
Ont
ari
o.
Fur
the
r,
the
mer
cur
y c
ont
ami
nat
ion
obs
erv
ed
at
Bat
eau
Roc
k m
ay
resu
lt
from
a na
tura
lly
high
back
grou
nd l
evel
simi
lar
to t
hat
know
n to
affe
ct
fis
h f
rom
the
inl
and
lak
es
of
nea
rby
Isl
e R
oya
le
(21
),
whi
le
tha
t a
t P
ic
Ban
k
may
owe
som
eth
ing
to
enr
ich
men
t o
f t
he
nat
ura
l b
ack
gro
und
as
a r
esu
lt
of
pas
t
pul
p m
ill
ope
rat
ion
s a
t P
eni
nsu
la
Har
bou
r,
27
km
to
the
nor
the
ast
.
The
dat
a s
ugg
est
tha
t t
he
lak
e d
isp
ers
es
con
tam
ina
nts
fro
m t
he
num
ero
us
ind
ust
ria
l,
mun
ici
pal
,
agr
icu
ltu
ral
,
lan
d d
rai
nag
e,
and
atm
osp
her
ic
sou
rce
s
thr
oug
h
suc
h m
ech
ani
sms
as
wat
er
mas
s m
ove
men
t
or
tra
nSp
ort
aft
er
upt
ake
by
the
bio
ta
so
tha
t
the
ir
ult
ima
te
dis
pos
iti
on
no
lon
ger
ref
lec
ts
the
ir
sep
ara
te
sou
rce
s.
Suc
h
pro
ces
ses
are
sca
rce
ly
def
ine
d
let
alo
ne
wel
l
und
ers
too
d b
ut
no
ne
th
el
es
s
re
su
lt
in
su
bs
ta
nt
ia
l
va
ri
ab
il
it
y
fr
om
pl
ac
e
to
pl
ac
e
in
th
e
de
gr
ee
of
co
nt
am
in
at
io
n
en
co
un
te
re
d
in
fi
sh
.
Fu
rt
he
r,
di
sp
er
sa
l
me
ch
an
is
ms
mu
st
he
lp
in
te
gr
at
e
co
nt
am
in
an
t
lo
ad
s
to
th
e
la
ke
as
a
wh
ol
e.
He
nc
e
sa
mp
le
s
fr
om
lo
ca
ti
on
s
re
mo
te
fr
om
kn
ow
n
so
ur
ce
s
of
co
nt
am
in
at
io
n
he
lp
pr
ov
id
e
a
us
ef
ul
in
de
x
to
th
e
ge
ne
ra
l
st
at
us
of
th
e
la
ke
,
pa
rt
ic
ul
ar
ly
if
th
ey
ar
e
re
la
ti
ve
ly
he
av
il
y
co
nt
am
in
at
ed
.
Tw
o
su
ch
lo
ca
ti
on
s,
of
f
th
e
ti
p
of
Ke
we
en
aw
Po
in
t
an
d
on
Co
pp
er
mi
ne
Ba
nk
,
re
co
mm
en
d
th
em
se
lv
es
as
po
te
nt
ia
l
in
de
x
st
at
io
ns
.
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 ﬂ [NBIBHMENI
EN
RI
CH
ME
NT
AN
D
TH
E
RE
FE
RE
NC
E
QU
ES
TI
ON
S
Th
e
Re
fe
re
nc
e
Qu
es
ti
on
s
as
k
wh
et
he
r
th
e
Up
pe
r
La
ke
s
ar
e
be
in
g
po
ll
ut
ed
.
Wi
th
re
ga
rd
to
en
ri
ch
me
nt
,
bo
th
Ca
na
da
an
d
th
e
Un
it
ed
St
at
es
ha
ve
in
pu
ts
to
La
ke
Su
pe
ri
or
.
Ge
ne
ra
ll
y,
th
e
ef
fe
ct
s
of
th
os
e
in
pu
ts
ar
e
co
nf
in
ed
to
ne
ar
—
sh
or
e
wa
te
rs
.
Th
er
ef
or
e,
th
e
in
pu
ts
fr
om
on
e
co
un
tr
y
ha
ve
li
tt
le
ef
fe
ct
on
wa
te
rs
of
th
e
ot
he
r
co
un
tr
y.
Pr
es
en
t
nu
tr
ie
nt
in
pu
ts
ar
e
no
t
li
ke
ly
to
ca
us
e
di
re
ct
in
ju
ry
to
hu
ma
n
he
al
th
.
Ho
we
ve
r,
wa
te
r
qu
al
it
y
de
gr
ad
at
io
n
in
lo
ca
li
ze
d
ar
ea
s
is
oc
cu
rr
in
g
an
d
ma
y
di
re
ct
ly
af
fe
ct
th
e
fl
or
a
an
d
fa
un
a
of
th
e
wa
te
r,
re
su
lt
in
g
in
wa
te
r
fi
lt
ra
ti
on
pr
ob
le
ms
,
ta
st
e
an
d
od
ou
r
pr
ob
le
ms
,
de
te
ri
or
at
io
n
of
ex
is
ti
ng
fi
sh
er
y
st
oc
ks
,
an
d
im
pa
ir
me
nt
of
wa
te
r—
ba
se
d
re
cr
ea
ti
on
.
Wa
te
r
qu
al
it
y
de
gr
ad
at
io
n
of
La
ke
Su
pe
ri
or
ex
is
ts
in
St
.
Lo
ui
s
Ba
y
an
d
Su
pe
ri
or
Ba
y
an
d,
to
a
le
ss
er
ex
te
nt
,
in
Th
un
de
r
Ba
y
an
d
at
Ma
rq
ue
tt
e
an
d
Mu
ni
si
ng
.
De
pl
et
io
n
of
re
ac
ti
ve
si
li
ca
te
an
d
ni
tr
at
e
is
on
e
ef
fe
ct
of
en
ri
ch
me
nt
th
at
ma
y
af
fe
ct
th
e
wa
te
r
of
th
e
op
en
la
ke
.
De
pl
et
io
n
ma
y
oc
cu
r
wh
en
ph
os
-
g
ph
or
us
-e
nr
ic
he
d
in
pu
ts
st
im
ul
at
e
al
ga
l
bl
oo
ms
,
re
qu
ir
in
g
la
rg
e
am
ou
nt
s
of
i
ni
tr
og
en
an
d
si
li
ca
te
.
Mi
no
r
si
li
ca
te
an
d
ni
tr
at
e
de
pl
et
io
n
ex
is
ts
in
La
ke
Superior during the summer.
ENRICHMENT
T
h
i
s
s
e
c
t
i
o
n
d
e
s
c
r
i
b
e
s
in
g
e
n
e
r
a
l
t
e
r
m
s
th
e
c
a
u
s
e
s
a
n
d
e
f
f
e
c
t
s
of
e
n
r
i
c
h
-
me
nt
in
a
wa
te
r
bo
dy
.
Th
e
fo
ll
ow
in
g
se
ct
io
n
pr
es
en
ts
ev
id
en
ce
fo
r
en
ri
ch
me
nt
an
d
of
n
u
t
r
i
e
n
t
b
u
i
l
d
u
p
in
L
a
k
e
Su
pe
ri
or
.
CAUSES
E
n
r
i
c
h
m
e
n
t
o
f
a
w
a
t
e
r
b
o
d
y
m
a
y
a
r
i
s
e
f
r
o
m
o
r
g
a
n
i
c
a
n
d
/
o
r
n
u
t
r
i
e
n
t
i
n
p
u
t
s
.
O
r
g
a
n
i
c
e
n
r
i
c
h
m
e
n
t
r
e
s
u
l
t
s
f
r
o
m
t
h
e
i
n
p
ut
of
m
a
t
e
r
i
a
l
f
r
o
m
a
n
y
l
i
v
i
n
g
o
r
f
o
r
m
e
r
l
y
l
i
v
i
n
g
s
o
u
r
c
e
.
P
r
i
m
e
c
o
n
t
r
i
b
u
t
o
r
s
o
f
o
r
g
a
n
i
c
e
n
r
i
c
h
m
e
n
t
a
r
e
m
u
n
i
-
c
i
p
a
l
e
f
f
l
u
e
n
t
s
a
n
d
r
u
n
o
f
f
f
r
o
m
a
g
r
i
c
u
l
t
u
r
a
l
a
n
d
e
r
o
d
i
n
g
a
r
e
a
s
.
N
u
t
r
i
e
n
t
e
n
r
i
c
h
m
e
n
t
,
a
s
a
t
t
r
i
b
u
t
e
d
to
p
h
o
s
p
h
o
r
u
s
a
n
d
n
i
t
r
o
g
e
n
i
n
p
ut
s
,
a
r
i
s
e
s
f
r
o
m
n
a
t
u
r
a
l
d
r
a
i
n
a
g
e
,
a
g
r
i
c
u
l
t
u
r
a
l
r
un
of
f,
a
t
m
o
s
p
h
e
r
i
c
i
n
p
ut
s
,
u
r
b
a
n
r
u
n
o
f
f
,
a
n
d
mu
ni
ci
pa
l
an
d
in
du
st
ri
al
ef
fl
ue
nt
s.
 E
C
O
L
O
G
I
C
A
L
E
F
F
E
C
T
S
O
R
G
A
N
I
C
E
N
R
I
C
H
M
E
N
T
B
o
t
h
o
r
g
a
n
i
c
e
n
r
i
c
h
m
e
n
t
a
n
d
n
u
t
r
i
e
n
t
e
n
r
i
c
h
m
e
n
t
h
a
v
e
d
e
t
r
i
m
e
n
t
a
l
e
f
f
e
c
t
s
o
n
t
h
e
q
u
a
l
i
t
y
o
f
t
h
e
r
e
c
e
i
v
i
n
g
w
a
t
e
r
b
o
d
y
(
F
i
g
u
r
e
6
.
1
—
1
)
.
O
r
g
a
n
i
c
e
n
r
i
c
h
m
e
n
t
s
u
p
p
l
i
e
s
c
a
r
b
o
n
a
n
d
n
i
t
r
o
g
e
n
c
o
m
p
o
u
n
d
s
w
h
i
c
h
d
i
r
e
c
t
l
y
a
f
f
e
c
t
w
a
t
e
r
c
h
e
m
i
s
t
r
y
.
O
r
g
a
n
i
c
c
o
m
p
o
u
n
d
s
c
o
n
t
a
i
n
i
n
g
c
a
r
b
o
n
a
n
d
n
i
t
r
o
g
e
n
,
s
u
c
h
a
s
s
u
g
a
r
s
a
n
d
a
m
i
n
o
a
c
i
d
s
,
r
e
q
u
i
r
e
o
x
y
g
e
n
f
o
r
c
o
n
v
e
r
s
i
o
n
t
o
t
h
e
i
r
i
n
o
r
g
a
n
i
c
f
o
r
m
s
,
c
a
r
b
o
n
d
i
o
x
i
d
e
a
n
d
n
i
t
r
a
t
e
.
I
n
a
d
d
i
t
i
o
n
,
c
a
r
b
o
n
c
o
m
p
o
u
n
d
s
a
r
e
a
f
o
o
d
s
o
u
r
c
e
f
o
r
h
e
t
e
r
o
t
r
o
—
p
h
i
c
b
a
c
t
e
r
i
a
.
I
n
c
r
e
a
s
e
d
b
a
c
t
e
r
i
a
l
p
o
p
u
l
a
t
i
o
n
s
r
e
q
u
i
r
e
m
o
r
e
o
x
y
g
e
n
f
o
r
t
h
e
i
r
r
e
s
p
i
r
a
t
i
o
n
.
T
h
u
s
,
t
h
e
n
e
t
e
f
f
e
c
t
o
f
o
r
g
a
n
i
c
e
n
r
i
c
h
m
e
n
t
i
s
a
h
i
g
h
e
r
o
x
y
g
e
n
d
e
m
a
n
d
.
I
f
t
h
a
t
d
e
m
a
n
d
i
s
h
i
g
h
e
n
o
u
g
h
t
o
d
e
p
l
e
t
e
o
x
y
g
e
n
c
o
n
c
e
n
t
r
a
t
i
o
n
s
,
a
q
u
a
t
i
c
o
r
g
a
n
i
s
m
s
s
u
c
h
a
s
f
i
s
h
a
n
d
f
i
s
h
f
o
o
d
c
a
n
b
e
a
d
v
e
r
s
e
l
y
a
f
f
e
c
t
e
d
.
N
U
T
R
I
E
N
T
E
N
R
I
C
H
M
E
N
T
N
u
t
r
i
e
n
t
e
n
r
i
c
h
m
e
n
t
d
i
r
e
c
t
l
y
a
f
f
e
c
t
s
w
a
t
e
r
c
h
e
m
i
s
t
r
y
b
y
p
r
o
v
i
d
i
n
g
e
l
e
-
m
e
n
t
s
e
s
s
e
n
t
i
a
l
f
o
r
p
l
a
n
t
g
r
o
w
t
h
.
P
h
y
t
O
p
l
a
n
k
t
o
n
,
a
t
t
a
c
h
e
d
a
l
g
a
e
s
u
c
h
a
s
C
Z
a
d
o
p
h
o
r
a
,
a
n
d
r
o
o
t
e
d
a
q
u
a
t
i
c
p
l
a
n
t
s
g
e
n
e
r
a
l
l
y
r
e
s
p
o
n
d
t
o
i
n
c
r
e
a
s
e
d
n
u
t
r
i
e
n
t
l
e
v
e
l
s
w
i
t
h
i
n
c
r
e
a
s
e
d
g
r
o
w
t
h
.
F
r
e
q
u
e
n
t
l
y
,
t
h
e
p
h
y
t
o
p
l
a
n
k
t
o
n
i
n
c
r
e
a
s
e
i
s
a
c
c
o
m
p
a
n
i
e
d
b
y
g
r
e
a
t
l
y
p
e
r
t
u
r
b
e
d
p
h
y
t
o
p
l
a
n
k
t
o
n
p
o
p
u
l
a
t
i
o
n
s
w
h
i
c
h
a
r
e
c
o
m
p
o
s
e
d
o
f
b
l
o
o
m
s
o
f
s
p
e
c
i
e
s
t
h
a
t
w
e
r
e
r
e
l
a
t
i
v
e
l
y
u
n
i
m
p
o
r
t
a
n
t
p
r
i
o
r
t
o
e
n
r
i
c
h
m
e
n
t
.
T
h
e
e
c
o
l
o
g
i
c
a
l
c
o
n
s
e
q
u
e
n
c
e
s
o
f
d
r
a
s
t
i
c
a
l
l
y
a
l
t
e
r
i
n
g
t
h
e
s
p
e
c
i
e
s
c
o
m
p
o
s
i
t
i
o
n
o
f
p
h
y
t
o
p
l
a
n
k
t
o
n
a
r
e
s
e
r
i
o
u
s
a
n
d
m
a
y
i
n
c
l
u
d
e
b
l
o
o
m
s
o
f
f
i
l
t
e
r
—
c
l
o
g
g
i
n
g
a
l
g
a
e
o
r
s
c
u
m
—
f
o
r
m
i
n
g
b
l
u
e
—
g
r
e
e
n
s
.
U
l
t
i
m
a
t
e
l
y
t
h
e
s
e
n
u
i
s
a
n
c
e
t
y
p
e
b
l
o
o
m
s
m
a
y
a
f
f
e
c
t
t
h
e
o
t
h
e
r
b
i
o
t
a
b
y
p
r
o
d
u
c
i
n
g
t
o
x
i
c
s
u
b
s
t
a
n
c
e
s
o
r
b
y
e
l
i
m
i
n
a
t
i
n
g
,
t
h
r
o
u
g
h
c
o
m
p
e
t
i
t
i
o
n
f
o
r
n
u
t
r
i
e
n
t
s
,
o
t
h
e
r
s
p
e
c
i
e
s
w
h
i
c
h
m
a
y
b
e
f
o
o
d
s
o
u
r
c
e
s
f
o
r
t
h
e
i
n
d
i
g
e
n
o
u
s
f
a
un
a
.
S
u
c
h
b
i
o
l
o
g
i
c
a
l
i
n
t
e
r
a
c
t
i
o
n
s
a
d
v
e
r
s
e
l
y
a
f
f
e
c
t
t
h
e
b
i
o
t
a
a
n
d
c
o
ul
d
t
h
e
o
r
e
t
i
c
a
l
l
y
e
l
i
m
i
n
a
t
e
or
e
xc
l
ud
e
s
p
e
c
i
e
s
f
r
o
m
t
h
e
sy
st
em
,
a
f
f
e
c
t
i
n
g
th
e
e
n
t
i
r
e
fo
od
ch
ai
n.
Fu
rt
he
r,
n
ut
r
i
e
n
t
e
n
r
i
c
h
m
e
n
t
a
p
p
e
a
r
s
to
f
a
v
o
r
t
h
e
fr
ee
-l
iv
in
g
st
ag
es
of
va
ri
ou
s
pa
ra
si
te
s
of
fi
sh
(3
).
Sp
ec
ie
s
ch
an
ge
s
an
d
al
ga
l
bl
oo
ms
do
no
t
al
wa
ys
re
su
lt
fr
om
nu
tr
ie
nt
en
ri
ch
me
nt
.
St
oe
rm
er
et
a1
.
(1
)
fo
un
d
no
gr
ea
t
di
ff
er
en
ce
s
in
th
e
co
mp
os
it
io
n
of
ph
yt
op
la
nk
to
n
as
se
mb
la
ge
s
in
th
e
we
st
ar
m
of
Gr
an
d
Tr
av
er
se
Ba
y
in
La
ke
Mi
ch
ig
an
,
ev
en
th
ou
gh
ph
os
ph
or
us
le
ve
ls
an
d
st
an
di
ng
cr
op
s
of
ph
yt
op
la
nk
to
n
in
cr
ea
se
d
so
ut
hw
ar
d
to
wa
rd
Tr
av
er
se
Ci
ty
.
Al
so
,
a
nu
tr
ie
nt
pe
rt
ur
ba
ti
on
ma
y
ch
an
ge
th
e
as
se
mb
la
ge
,
as
no
te
d
by
Sc
he
ls
ke
et
a1
.
(2
),
pr
im
ar
il
y
by
ch
an
gi
ng
th
e
pr
op
or
ti
on
s
of
do
mi
na
nt
sp
ec
ie
s.
NUTRIENT DEPLETION
Ce
rt
ai
n
ch
em
ic
al
ch
an
ge
s
in
th
e
wa
te
r
ac
co
mp
an
y
in
cr
ea
se
d
pl
an
t
gr
ow
th
.
De
pl
et
io
n
of
re
ac
ti
ve
si
li
ca
te
an
d
ni
tr
at
e
is
ge
ne
ra
ll
y
at
tr
ib
ut
ed
to
th
ei
r
as
si
mi
la
ti
on
by
ph
yt
op
la
nk
to
n.
Co
nc
en
tr
at
io
ns
of
bo
th
nu
tr
ie
nt
s
ar
e
at
a
ma
xi
mu
m
du
ri
ng
wi
nt
er
an
d
at
a
mi
ni
mu
m
in
th
e
ep
il
im
ni
on
du
ri
ng
su
mm
er
th
er
ma
l
st
ra
ti
fi
ca
ti
on
.
Th
e
di
ff
er
en
ce
in
co
nc
en
tr
at
io
ns
be
tw
ee
n
th
e
wi
nt
er
ma
xi
mu
m
and
the
sum
mer
min
imu
m
is
def
ine
d
as
nut
rie
nt
uti
liz
ati
on.
Sil
ica
te
dep
let
ion
is
cau
sed
by
the
gro
wth
of
dia
tom
s a
s t
his
gro
up
of
phy
top
lan
kto
n h
as
an
abs
olu
te
req
uir
eme
nt
for
sil
ica
te.
Giv
en
the
pro
per
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FIGURE 6.1-1 . SCHEMATIC REPRESENTATION OF THE EFFECTS OF ENRICHMENT IN A WATER BODY.
 t
o
f
p
h
o
s
p
h
o
r
u
s
i
n
c
r
e
a
s
e
s
t
h
e
s
t
a
n
d
i
n
g
c
r
o
p
o
f
l
e
d
e
p
l
e
t
i
o
n
o
f
r
e
a
c
t
i
v
e
s
i
l
i
c
a
t
e
b
y
d
i
a
t
o
m
s
B
e
c
a
u
s
e
d
i
a
t
o
m
s
a
r
e
a
n
i
m
p
o
r
t
a
n
t
f
o
r
m
o
f
p
h
y
t
o
p
l
a
n
k
t
o
n
i
n
L
a
k
e
S
u
p
e
r
i
o
r
(
5
)
a
n
d
L
a
k
e
H
u
r
o
n
(
2
,
6
,
7
)
t
h
e
d
e
p
l
e
t
i
o
n
o
f
s
i
l
i
c
a
t
e
i
s
a
u
s
e
f
u
l
i
n
d
e
x
o
f
t
h
e
c
u
m
u
l
a
t
i
v
e
o
r
t
o
t
a
l
s
t
a
n
d
i
n
g
c
r
o
p
o
f
p
h
y
t
o
p
l
a
n
k
t
o
n
p
r
o
—
d
u
c
e
d
d
u
r
i
n
g
t
h
e
p
e
r
i
o
d
o
f
m
e
a
s
u
r
e
m
e
n
t
.
c
o
n
d
i
t
i
o
n
s
,
i
n
c
r
e
a
s
i
n
g
t
h
e
i
n
p
u
d
i
a
t
o
m
s
.
U
t
i
l
i
z
a
t
i
o
n
o
r
p
o
s
s
i
b
m
a
y
t
h
e
n
o
c
c
u
r
(
4
)
.
N
i
t
r
o
g
e
n
i
s
a
n
e
s
s
e
n
t
i
a
l
p
a
r
t
o
f
p
r
o
t
e
i
n
s
f
o
u
n
d
i
n
a
l
l
o
r
g
a
n
i
s
m
s
.
W
h
e
n
n
i
t
r
a
t
e
a
n
d
o
t
h
e
r
f
o
r
m
s
o
f
n
i
t
r
o
g
e
n
b
e
c
o
m
e
l
i
m
i
t
i
n
g
f
o
r
p
h
y
t
o
p
l
a
n
k
t
o
n
g
r
o
w
t
h
t
h
i
s
l
i
m
i
t
a
t
i
o
n
,
l
i
k
e
s
i
l
i
c
a
t
e
d
e
p
l
e
t
i
o
n
,
c
a
u
s
e
s
a
s
h
i
f
t
i
n
s
p
e
c
i
e
s
c
o
m
p
o
-
s
i
t
i
o
n
.
T
h
i
s
s
h
i
f
t
i
s
f
r
o
m
p
h
y
t
o
p
l
a
n
k
t
o
n
t
h
a
t
u
t
i
l
i
z
e
c
o
m
b
i
n
e
d
f
o
r
m
s
o
f
n
i
t
r
o
g
e
n
,
s
u
c
h
a
s
n
i
t
r
a
t
e
a
n
d
a
m
m
o
n
i
a
t
o
p
h
y
t
o
p
l
a
n
k
t
o
n
t
h
a
t
c
a
n
u
t
i
l
i
z
e
o
r
f
i
x
t
h
e
f
r
e
e
n
i
t
r
o
g
e
n
d
i
s
s
o
l
v
e
d
f
r
o
m
t
h
e
a
t
m
o
s
p
h
e
r
e
i
n
t
h
e
w
a
t
e
r
.
T
h
e
a
l
g
a
e
t
h
a
t
f
i
x
n
i
t
r
o
g
e
n
a
r
e
b
l
u
e
—
g
r
e
e
n
s
,
t
h
e
n
u
i
s
a
n
c
e
,
s
c
u
m
—
f
o
r
m
i
n
g
t
y
p
e
s
.
T
h
e
y
a
r
e
u
s
e
d
o
n
l
y
s
p
a
r
i
n
g
l
y
,
i
f
a
t
a
l
l
,
a
s
a
f
o
o
d
s
o
u
r
c
e
b
y
z
o
o
p
l
a
n
k
t
o
n
.
T
h
e
r
e
s
u
l
t
i
s
a
c
h
a
n
g
e
i
n
t
h
e
c
o
m
p
o
s
i
t
i
o
n
o
f
t
h
e
a
q
u
a
t
i
c
c
o
m
m
u
n
i
t
y
a
n
d
a
n
i
m
—
b
a
l
a
n
c
e
i
n
t
h
e
f
o
o
d
c
h
a
i
n
o
f
t
h
e
l
a
k
e
.
N
i
t
r
o
g
e
n
f
i
x
a
t
i
o
n
b
y
p
h
y
t
o
p
l
a
n
k
t
o
n
i
n
t
h
e
U
p
p
e
r
L
a
k
e
s
w
o
u
l
d
s
e
e
m
t
o
b
e
l
i
m
i
t
e
d
t
o
h
i
g
h
l
y
e
n
r
i
c
h
e
d
n
e
a
r
s
h
o
r
e
a
r
e
a
s
,
s
u
c
h
a
s
S
a
g
i
n
a
w
B
a
y
a
n
d
G
r
e
e
n
B
a
y
.
T
h
e
s
e
a
r
e
a
r
e
a
s
w
h
e
r
e
p
h
y
t
o
p
l
a
n
k
t
o
n
s
t
a
n
d
i
n
g
c
r
o
p
s
a
r
e
l
a
r
g
e
e
n
o
u
g
h
t
o
u
t
i
l
i
z
e
t
h
e
s
u
p
p
l
i
e
s
o
f
c
o
m
b
i
n
e
d
n
i
t
r
o
g
e
n
.
I
n
G
r
e
e
n
B
a
y
,
n
i
t
r
o
g
e
n
f
i
x
a
t
i
o
n
h
a
s
b
e
e
n
q
u
a
n
t
i
f
i
e
d
(9
)
b
u
t
n
o
w
o
r
k
h
a
s
b
e
e
n
d
o
n
e
i
n
S
a
g
i
n
a
w
B
a
y
o
r
i
n
a
n
y
a
r
e
a
o
f
L
a
k
e
S
u
p
e
r
i
o
r
.
E
V
E
N
T
S
A
S
S
O
C
I
A
T
E
D
W
I
T
H
I
N
C
R
E
A
S
E
D
N
U
T
R
I
E
N
T
I
N
P
U
T
S
T
h
e
e
v
e
n
t
s
o
r
s
t
a
g
e
s
a
s
s
o
c
i
a
t
e
d
w
i
t
h
i
n
c
r
e
a
s
e
d
n
u
t
r
i
e
n
t
e
n
r
i
c
h
m
e
n
t
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
c
a
n
b
e
s
u
m
m
a
r
i
z
e
d
a
s
f
o
l
l
o
w
s
.
I
n
t
h
e
f
i
r
s
t
s
t
a
g
e
,
w
i
t
h
r
e
l
a
t
i
v
e
l
y
s
m
a
l
l
a
m
o
u
n
t
s
o
f
e
i
t
h
e
r
s
i
l
i
c
a
t
e
o
r
n
i
t
r
a
t
e
s
u
m
m
e
r
d
e
p
l
e
t
i
o
n
i
n
t
h
e
e
p
i
l
i
m
n
i
o
n
,
t
h
e
p
r
i
s
t
i
n
e
p
h
y
t
o
p
l
a
n
k
t
o
n
f
l
o
r
a
is
d
o
m
i
n
a
t
e
d
b
y
a
n
o
l
i
g
o
—
t
r
o
p
h
i
c
C
y
c
l
o
t
e
Z
Z
a
d
i
a
t
o
m
a
s
s
e
m
b
l
a
g
e
(1
).
In
th
e
s
e
c
o
n
d
st
ag
e,
w
h
e
n
r
e
a
c
t
i
v
e
s
i
l
i
c
a
t
e
b
e
c
o
m
e
s
l
i
m
i
t
i
n
g
to
d
i
a
t
o
m
s
,
s
p
e
c
i
e
s
d
o
m
i
n
a
n
c
e
b
e
g
i
n
s
to
s
h
i
f
t
f
r
o
m
d
i
a
t
o
m
s
to
b
l
u
e
—
g
r
e
e
n
an
d
g
r
e
e
n
al
ga
e.
F
i
n
a
l
l
y,
in
th
e
t
h
i
r
d
st
ag
e,
a
n
o
t
h
e
r
s
p
e
c
i
e
s
sh
if
t
o
c
c
ur
s
w
h
e
n
c
o
m
b
i
n
e
d
f
o
r
m
s
of
n
i
t
r
o
g
e
n
b
e
c
o
m
e
l
i
m
i
t
i
n
g
an
d
n
i
t
r
o
g
e
n
f
i
xi
n
g
b
l
u
e
—
g
r
e
e
n
a
l
g
a
e
b
e
g
i
n
to
u
t
i
l
i
z
e
a
v
a
i
l
a
b
l
e
s
u
p
p
l
i
e
s
of
nu
tr
ie
nt
s.
I
n
c
r
e
a
s
e
d
n
u
t
r
i
e
n
t
e
n
r
i
c
h
m
e
n
t
is
r
e
a
l
l
y
th
e
c
o
n
s
e
q
u
e
n
c
e
of
in
cr
ea
se
d
lo
ad
in
gs
an
d
su
pp
li
es
of
ph
os
ph
or
us
.
Co
nc
om
it
an
t
wi
t
h
th
es
e
de
sc
ri
be
d
st
ag
es
,
st
an
di
ng
cr
op
s
of
ph
yt
op
la
nk
to
n
in
cr
ea
se
.
La
ke
Su
pe
ri
or
is
pr
es
en
tl
y
in
th
e
fi
rs
t
st
ag
e
(5
),
La
ke
Mi
ch
ig
an
is
in
th
e
se
co
nd
st
ag
e
(7
),
an
d
we
st
er
n
La
ke
Er
ie
an
d
so
me
of
th
e
ne
ar
sh
or
e
ar
ea
s
of
La
ke
Hu
ro
n
ar
e
in
the third stage (12).
EFFECTS ON WATER USES
Ch
an
ge
s
in
wa
te
r
ch
em
is
tr
y
(p
ar
ti
cu
la
rl
y
re
du
ce
d
ox
yg
en
le
ve
ls
),
in
cr
ea
se
d
pl
an
t
gr
ow
th
,
an
d
ch
an
ge
s
in
th
e
zo
op
la
nk
to
n
an
d
be
nt
hi
c
co
mm
un
it
y
ca
n
al
l
af
fe
ct
th
e
us
e
of
a
wa
te
r
bo
dy
.
Re
du
ce
d
ox
yg
en
le
ve
ls
ca
n
ki
ll
fi
sh
or
el
i—
mi
na
te
al
l
bu
t
to
le
ra
nt
sp
ec
ie
s.
Ex
ce
ss
iv
e
ph
yt
op
la
nk
to
n
po
pu
la
ti
on
s
in
te
r—
‘
fe
re
wi
th
wa
te
r
su
pp
li
es
by
cl
og
gi
ng
fi
lt
er
s.
Bl
ue
—g
re
en
al
ga
e
ca
n
ca
us
e
ta
st
e
an
d
od
ou
r
pr
ob
le
ms
in
wa
te
r
su
pp
li
es
.
CZ
ad
bp
ho
ra
ca
n
gr
ow
in
ma
ss
es
so
ex
te
ns
iv
e
as
to
in
te
rf
er
e
wi
th
re
cr
ea
ti
on
al
ac
ti
vi
ti
es
.
Up
on
dy
in
g
or
br
ea
ki
ng
*
awa
y
fro
m i
ts
sub
str
ate
,
Cla
dop
hor
a m
ay
was
h
up
on
bea
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s
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ng
odi
fer
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and
uns
igh
tly
con
dit
ion
s.
Swi
mmi
ng
and
boa
tin
g a
re
ham
per
ed
by
exc
ess
ive
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—growths
of
rooted
aquatic
plants.
Swimmers
may
also
be
troubled
by
the
free-
swimming
stages
of
schistosome
parasites
which,
though
not
dangerous,
can
cause
a
skin
irritation
known
as
swimmer's
itch
and
which
are
favored
by
enrichment
(8).
Fish
populations
are
altered
as
their
aquatic
invertebrate
food
base
changes
and
their
parasite
loads
increase.
The
result
is
disruption
of
the
commercial
fishing
industry
and
recreational
fishing
and
associated
commerce.
EVIDENCE
OF
ENRICHMENT
IN
LAKE
SUPERIOR
In Lake
Superior,
historical
data
indicate
that water
quality
has not
changed appreciably since records have been kept.
Nearshore areas,
however,
i
‘
are
showing
elevated
nutrient
levels.
Without
question,
enrichment
arises
coincident with
cultural
development,
population
increases
in the
watershed,
:
and recreational usage of the water.
Enrichment from natural sources without
'
human influence is slight (10).
Once a water body is enriched, the problems
are continued as nutrients are recycled by the feeding and excretory processes
of organisms.
Nutrient regeneration results from microbial activities and
g
from chemical reactions,
primarily in the sediments.
The impact of enrichment is first asserted in localized areas, specific-
ally those areas of a lake receiving inputs from cultural sources.
As currents
disperse the enriched waters of localized areas, the impact spreads and dilutes
to adjacent nearshore waters.
These nearshore zones serve as a buffer between
localized areas and the open water.
Developing problems in a large lake then
would be expected to follow a historical pattern with the effects of enrich-
ment first apparent near an input and eventually impacting the open lake
waters. In Lake Superior several localized areas and portions of the near—
shore are now being enriched. Waters of the open lake are beginning to show
slight effects of enrichment, but only in summer depletion of reactive silicate
and nitrate.
OXYGEN g
The extent of hypolimnetic oxygen depletion is very small in the open
waters of Lake Superior, with values always near or above saturation. In
contrast, oxygen is depleted completely in the summer in the hypolimnion of
central Lake Erie (11). The lack of hypolimnetic oxygen depletion is in—
dicative that Lake Superior is not grossly enriched.
 
Dissolved oxygen concentrations for the open waters of Lake Superior are
never below the Agreement objective of 6.0 mg/R, even in the deepest parts of
the lake. However, in St. Louis Bay at Duluth, oxygen is frequently less than
the objective with a value as low as 1.1 mg/2 recorded in 1973. At times,
Superior Bay also has dissolved oxygen concentrations <6.0 mg/R, but the water
quality there is better than in St. Louis Bay. Twice in August 1973 values
<5 mg/£ were recorded in Thunder Bay. Dissolved oxygen concentrations re— ‘
ported in all other nearshore areas meet the Agreement objective. E
PHOSPHORUS
§~”
Phosphorus is generally considered to be the most important nutrient in
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—TRENDS AND DEVELOPMENT OF FUTURE PROBLEMS
WHOLE LAKE TRENDS
It has been known for more than half a century that the excessive algal
growth in lakes is related to nutrients and particularly to phosphorus and
nitrogen (13). Sawyer (l4) recognized that the phosphorus concentration in
lake water was the main factor controlling eutrophication. A convenient tool
for the practical application of these relationships was Vollenweider's (15)
simple model plotting loading per unit of lake area vs. mean depth, rather
1
than concentration, as an indication of lake eutrophication. This model was
applied in the Lower Lakes Report to the IJC (l6) and is used here for des-
‘
cribing trends and future problems. *
Since its conception, this model has undergone a series of transforma—
;
tions. It was recognized that the water residence time in a lake plays an 2 ;
important role in the final effect which phosphorus loading has upon eutro- I
phication (17-23). At the same time the phosphorus models stimulated the so - 1
called phosphorus—carbon controversy. Lange (24), Kuentzel (25), and Kerr et 4 ‘
al. (26) placed in doubt the effectiveness of phosphorus removal in the pre—
sence of a surplus of carbon in the water. This doubt has largely been removed
by the results of whole—lake experiments by Schindler and coworkers (35, 36)
and laboratory experiments by Goldman, et al. (37). It has been demonstrated 3
on different occasions that phosphorus is the nutrient most frequently con-
trolling production of algae (27-29) and, moreover, only phosphorus is con-
trollable by man to an extent that can reduce the incidence of algal blooms.
 
The simplest variant of the initial loading vs. depth model is the
Vollenweider (l9) modification in which eutrophication is presented as the
result of the average concentration of phosphorus in the inflowing waters,
[P]i, and of the water residence time, T °
w' T
[P11e = 20 (1 + /7ﬁ; ) [1] f
[P11p = 10 (1 + JTﬁ; ) [2] '
 
where [P]. is the excessive and [P]i the permissible concentrations, res—
pectively}eof total phosphorus. Resigence time is defined as the volume of
the water body divided by the total inputs. 0n the grounds of common limno—
logical experience, the lower (permissible) limit of total phosphorus con—
centration in lake water whichdoes not cause any serious algal bloom may
safely be assumed to be 10 pg/Q. The upper level should not exceed 20 ug/Z
(14
).
The
lon
ger
the
res
ide
nce
tim
e i
n a
lak
e t
he
gre
ate
r w
ill
be
the
pro
—
portion of incoming phosphorus sedimented to the bottom, thus reducing the
Pho
sph
oru
s
con
cen
tra
tio
n
in
lak
e w
ate
r.
The
ref
ore
,
the
per
mis
siv
e
or
exc
es—
sive levels of inflow concentrations are much higher in lakes with longer
residence times than in lakes with short ones.
Bas
ed
on
dat
a f
rom
abo
ut
60
lak
es,
Vol
len
wei
der
(19
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d t
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fol
low
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3%.
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t
h
a
t
t
h
e
1
9
7
3
t
r
e
a
t
m
e
n
t
e
f
f
o
r
t
w
i
l
l
b
e
m
a
i
n
-
ta
in
ed
,
i
n
s
i
g
n
i
f
i
c
a
n
t
c
h
a
n
g
e
s
wi
l
l
b
e
o
b
s
e
r
v
e
d
in
th
e
o
p
e
n
w
a
t
e
r
s
of
th
e
la
ke
.
Th
e
av
er
ag
e
ch
lo
ro
ph
yl
l
a
co
nc
en
tr
at
io
n
is
pr
ed
ic
te
d
to
in
cr
ea
se
fr
om
th
e
pr
es
en
t
1.
0
ug
/2
to
ml
.2
ug
/ﬁ
.
Th
er
ef
or
e,
in
or
de
r
to
ma
in
ta
in
th
e
pr
es
en
t
hi
gh
ly
ol
ig
ot
ro
ph
ic
wa
te
rs
of
La
ke
Su
pe
ri
or
,
th
e
pr
es
en
t
ph
os
ph
or
us
lo
ad
,
af
te
r
sc
he
du
le
d
re
du
ct
io
ns
,
mu
st
no
t
be
ex
ce
ed
ed
.
T
R
E
N
D
S
IN
E
M
B
A
Y
M
E
N
T
S
In
al
l
mo
de
ls
of
nu
tr
ie
nt
en
ri
ch
me
nt
,
lo
ad
in
gs
ar
e
ex
pr
es
se
d
pe
r
un
it
of
ar
ea
or
vo
lu
me
.
Th
us
it
is
ta
ci
tl
y
as
su
me
d
th
at
nu
tr
ie
nt
s
(c
on
ta
in
ed
in
po
in
t
so
ur
ce
s
fo
r
ex
am
pl
e)
,
af
te
r
re
ac
hi
ng
th
e
la
ke
ar
e
so
on
ef
fi
ci
en
tl
y
mi
xe
d
wi
th
th
e
en
ti
re
ma
ss
of
wa
te
r,
or
at
le
as
t
wi
th
th
e
wa
te
r
of
th
e
ep
li
mn
ic
la
ye
r.
Ho
we
ve
r,
de
pe
nd
in
g
on
lo
ca
l
co
nd
it
io
ns
,
la
ke
mo
rp
ho
lo
gy
,
an
d
cu
rr
en
ts
,
nu
tr
ie
nt
-
ri
ch
ef
fl
ue
nt
s
ma
y
no
t
be
di
sp
er
se
d
ov
er
a
wi
de
ar
ea
of
th
e
la
ke
,
bu
t
ma
y
re
ma
in
fo
r
so
me
ti
me
wi
th
in
ne
ar
sh
or
e
ar
ea
s,
pa
rt
ic
ul
ar
ly
in
ba
ys
.
Wi
th
in
a
fe
w
ho
ur
s,
ad
de
d
ph
os
ph
or
us
ca
n
be
as
si
mi
la
te
d
by
al
ga
e
an
d
bl
oo
ms
ma
y
oc
cu
r
in
ba
y
ar
ea
s
in
de
pe
nd
en
tl
y
of
nu
tr
ie
nt
co
nc
en
tr
at
io
ns
an
d
ot
he
r
co
nd
it
io
ns
in
th
e
op
en
la
ke
wa
te
r.
A
pr
ac
ti
ca
l
im
pl
ic
at
io
n
of
th
is
fa
ct
is
th
at
po
or
wa
te
r
qu
al
it
y
ma
y
pr
ev
ai
l
in
a
ba
y
of
a
la
ke
wh
ic
h,
ac
co
rd
in
g
to
a
wh
ol
is
ti
c
mo
de
l,
should be highly oligotrophic (31).
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TABLE 6.1-1
PHOSPHORUS LOA
DINGS AND CHLO
ROPHYLL a CONC
ENTRATIONS
FOR 1974 AND PROJECTIONS FOR 2020
T O T A L P H
O S P H 0 R U S
IN
FL
OW
‘
MEAN CHL
OROPHYLL
a
CON
CEN
TRA
TIO
N (
pg/R
)
 
LAKE
 
YEAR LOADING
(t
/a
)
CON
CEN
TRA
TIO
N,
Pi (Hg/2)
CONCENTRATION,
P1 (ug/i)
Model
Observed Model
C Adjustedd
 
1974
4140
39
3.5
1.0
1.2
1.0
3940a 37a
1.1 1.0
2020 4768b 45b
1.4
1.2
     
 
Less planned redu
ction of 200 t.
Loading prediction after Batteke (30), based on the assumption that the 1973 treatment effort
will be maintained.
Chlorophyll a values predicted from equation [3].
Adjusted chlorophyll a values, based on the ratio of 1974 observed—tO-predicted values.
The following data were used: volume of Lake Superior = 11,920,000 X 106m3; residence time, Tw 111 a;
total input volum
e, Qd = 107,000 X
106m3/a.
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FIGURE
6.1-4.
—However,
such
a
situation
may
occur
only
in
bays
with
a
relatively
longer
water
residence
time.
Residence
or
renewal
time
for
a
bay
is
defined
as
the
bay
volume
divided
by
the
total
inflow.
It
was
assumed
that
a
water
renewal
time
longer
than
30
days
is
enough
to
develop
and
accumulate
the
product
of
an
algal
bloom
when
nutrients,
temperature,
and
light
conditions
were
optimum.
A
few
examples
of
bay
areas
were
selected
to
show
the
present
conditions
(Table
6.1—2);
the
geographic
extent
of
each
embayment
for
the
purpose
of
this
discussion
I
is
shown
in
Figure
6.1—5.
5
The
water
renewal
time,
Tr,
for
bays
was
calculated
as
the
ratio
of
bay
1
I
volume
to
the
total
amount
of
water
annually
entering
the
bay
from
both
the
E
'
controllable
and
noncontrollable
drainage
(Qd)
and
the
adjacent
lake
area
(Q1)
:
‘
5
V
r _______E_____ [4]
Qd+Ql
 
Qd was
taken
from
the
existing
flow data,
but
Q1 had
to be
estimated
on
the
basis of differences in the concentrations of some conservative element
(chlo—
ride or dissolved solids)
in the drainage water
[C]d, bay water
[C]b, and
adjacent water [C]l (32):
[Old — [Clb
[c]b - [c1l
In two of four bays the water renewal time appeared longer than 30 days
(0.1 year). However, none of the considered bays have shown signs of sig-
nificant eutrophication. The mean chlorophyll a concentrations were the
highest in the Duluth Bay (2.5 ug/k).
Although Thunder Bay had relatively
high phosphorus concentrations in its inflows, up to 151 ug/R, the chlorophyll
a concentrations were not higher than 1.2 ug/l. This can be explained by the
very short water renewal time of 0.06 year.
The time interval is sufficiently
reduced so that products of photosynthetic activities of algae in the bay
cannot accumulate.
Generally, in bay situations, the phosphorus concentration is affected
mainly by the dilution of the inflow with the open lake water and to a lesser
degree by the phosphorus sedimentation within the bay. Assuming that the
dilution and sedimentation rates remain constant:
[P]- - [P]
K = ____LL______£_ [6]
[Nb - ml
The future phosphorus concentration in the bay, [P] f, can be predicted from
the existing proportions between the phosphorus inflow concentration [P]i, bay K
concentration [P]b, and lake concentration [P]1: p ;%
[P]. - [P] .U'
[Plbf =
if K
1
+
[P]l
[7]
. y.:
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.
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.9
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4
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Lo
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g
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/a
)
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74
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.4
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33
0
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ADJACENT LAKE WATERS:
Fl
ow
,
01
(l
os
ma
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)
30
,8
00
17
,2
66
16
,3
67
7,
99
7
Average Total Phosphorus
C
o
n
c
e
n
t
r
a
t
i
o
n
,
P
1
(
ug
/
l
)
in
19
74
6.
3
6.
8
5
7
TOTAL LOADING (t/a)
19
74
26
8.
7
35
.4
45
8.
3
13
0
20
20
3
32
2
42
55
0
15
6
ME
AN
Ig
FL
OW
CO
NC
EN
TR
AT
IO
N,
P1
(Hg/2)
19
74
12
0
66
15
1
16
20
20
14
4
80
18
1
20
BA
Y
CO
NC
EN
TR
AT
IO
N,
Pb
(u
g/
l)
19
74
13
9
3O
7
20
20
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.5
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7.
CHLOROPHYLL a CONCENTRATION:
Ob
se
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ed
(H
g/
l)
in
19
74
2.
5
2.
3
1.
2
1.
Modelb (pg/2)
197
4
3.0
-
—
1.
202
0
3.5
-
—
1.
Model Adjustedc (Ug/z)
19
74
2.
5
_
_
1.
20
20
2,
9
_
_
1.
3. Loading projections after Batteke (30), based on the assumption that
the 1973 treatment effort will be maintained.
b. Concentrations calculated from Equation [8].
c. Concentrations adjusted, based on the ratio of the observed-to-predicted
values for 1974.
d. 1974 values calculated as a weighted average of controllable and non-
controllable drainage inputs.
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where [P]if is the future phosphorus concentration in the inflow.
From the phosphorus concentrations, chlorophyll a concentrations could be
predicted based on work of Sakamoto (33) and of Dillon and Rigler (34). They
found a highly significant correlation between the spring phosphorus concen-
trations and the summer average chlorophyll a concentrations:
log (chlorophyll a) = 1.45 log [P]b - 1.14 [8]
(as
sum
ing
N:P
rat
io
>12
).
i
Based on the predictions of Batteke (30), phosphorus loading in the year 1
2020 will increase 3}20% above the 1974 level. This will increase the Duluth E 5
Bay phosphorus concentration from 13 to 14.5 ug/Z and the chlorophyll a 5 1
concentration from the present 2.5 to 2.9 ug/R. Chlorophyll a concentrations ' i
in Nipigon Bay will increase from 1.5 to 1.6 ug/Q.
CON
CLU
SIO
NS
r
(l) The open waters of Lake Superior are oligotrophic and are not
experiencing problems caused by enrichment.
 
(2) Increasing nutrient inputs by the magnitude expected in the next 50
years is not likely to create lakewide problems associated with
enrichment. The reason that problems are not expected in the open
waters is that the volume of Lake Superior is large compared to the
volume of the inputs. In addition, the lake is deep and generally
the input settles to the bottom and is lost to the sediment. The
expected 20% increase in phosphorus loading in 2020 (assuming the
1973 treatment level) may increase the chlorophyll a concentration
from the present 1.0 ug/£ to 1.2 ug/ﬁ.
(3) Based upon the Reference Group's philosophy of nondegradation, in
order to maintain the chlorophyll a at the present level, the total
phosphorus loading to the Lake Superior must not exceed 3900 t/a.
(4)
Cer
tai
n n
ear
sho
re
and
loc
ali
zed
are
as
of
Lak
e S
upe
rio
r,
esp
eci
all
y
St. Louis Bay, Superior Bay, and Thunder Bay are presently expe—
riencing varying degrees of water use problems associated with
enr
ich
men
t.
The
mag
nit
ude
of
the
se
pro
ble
ms
wil
l i
ncr
eas
e w
ith
increasing nutrient concentration.
(5)
The
exp
ect
ed
20%
inc
rea
se
in
pho
sph
oru
s
loa
din
g
(as
sum
ing
the
197
3
tre
atm
ent
lev
el)
wil
l
inc
rea
se
the
chl
oro
phy
ll
a
con
cen
tra
tio
n
fro
m
th
e
pr
es
en
t
2.
5
ug
/l
to
2.9
ug
/£
in
Du
lu
th
Ba
y
an
d
fr
om
1.
5
ug
/l
to 1.6 ug/R in Nipigon Bay.
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A
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4
0
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Y
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CH
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UA
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N
BA
Y
  
FI
GU
RE
6.
1-
5
.
GE
OG
RA
PH
IC
EX
TE
NT
OF
EM
BA
YM
EN
TS
CO
NS
ID
ER
ED
IN
TA
BL
E
6.
1‘
2
.
Th
e
ar
ea
of
Th
un
de
r
Ba
y
co
ns
id
er
ed
is
th
e
sa
me
as
th
at
sh
ow
n
in
Fi
gu
re
4.
2-
2.
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Surveys of the nearshore and offshore waters of Lake Superior were carried
out to determine the existing water quality conditions, identify existing or
develOping problem areas, and establish baseline bacteriological levels.
Bacterial parameters studied included the sanitary indicator bacteria (total
coliforms, fecal coliforms, and fecal streptococci) indicative of possible
fecal contamination of the water. Some studies also included the determination
of aerobic heterotrophic bacteria, indicators of possible enrichment.
The main body and most of the nearshore waters are essentially free from
fecal contamination. Fecal coliforms and fecal streptococci were not isolated
from over 95% of open water samples, and were infrequently isolated in near—
shore samples (Chapter 5.5). Elevated bacterial levels were found only in
association with specific industrial and/or municipal sources of pollution
(Chapter 4). Transboundary movement of bacterial contamination is not evident.
EXISTING PROBLEMS
The
fol
low
ing
are
as
eit
her
had
lev
els
of
san
ita
ry
ind
ica
tor
bac
ter
ia
tha
t
exc
eed
ed
age
ncy
cri
ter
ia
or
Agr
eem
ent
obj
ect
ive
s,
or
had
lev
els
of
oth
er
bacteria indicative of major problems.
 
ONTARIO
Pu
lp
an
d
pa
pe
r
mi
ll
in
du
st
ri
es
ar
e
the
ma
jo
r
po
ll
ut
er
s
of
La
ke
Su
pe
ri
or
wat
ers
.
In
Jac
kfi
sh
Bay
,
Nip
igo
n B
ay,
and
Thu
nde
r B
ay
pul
p a
nd
pap
er
mil
l
ind
ust
rie
s
dis
cha
rge
eff
lue
nts
tha
t
sup
por
t
ver
y l
arg
e
pop
ula
tio
ns
of
sul
phu
r—
Cy
cl
e
ba
ct
er
ia
.
In
th
e
im
me
di
at
e
vi
ci
ni
ty
of
th
e
di
sc
ha
rg
e
zo
ne
,
el
ev
at
ed
po
pu
la
ti
on
s
of
sa
ni
ta
ry
in
di
ca
to
r
ba
ct
er
ia
ar
e
al
so
fou
nd.
Th
is
is
du
e
in
par
t
to
th
e
in
ad
eq
ua
te
di
si
nf
ec
ti
on
of
sa
ni
ta
ry
wa
st
es
,
an
d
al
so
to
th
e
ab
il
it
y
of
ce
rt
ai
n
co
li
fo
rm
ba
ct
er
ia
to
pr
ol
if
er
at
e
in
pu
lp
an
d
pa
pe
r
mi
ll
ef
fl
ue
nt
s
(1
).
Th
er
e
us
ua
ll
y
is
a
ra
pi
d
de
cr
ea
se
in
th
e
po
pu
la
ti
on
s
of
th
e
sa
ni
ta
ry
in
di
ca
to
r
ba
ct
er
ia
ou
ts
id
e
th
e
di
sc
ha
rg
e
zo
ne
s.
Th
e
le
ve
ls
of
su
lp
hu
r-
cy
cl
e
ba
ct
er
ia
al
so
fa
ll
of
f
ou
ts
id
e
th
e
di
sc
ha
rg
e
zo
ne
;
ho
we
ve
r,
th
ro
ug
h
th
e
st
ud
y
Of
su
lp
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r-
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cl
e
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ct
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,
th
e
in
fl
ue
nc
e
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th
e
pu
lp
an
d
pa
pe
r
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ll
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ue
nt
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n
be
tr
ac
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r
ma
ny
ki
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tr
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t
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th
e
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ke
(2
).
Th
e
Pe
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a
Ha
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r
ar
ea
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Ma
ra
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d
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at
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co
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d
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l
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s
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A
m
e
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i
c
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n
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e
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wn
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f
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th
e
di
s
Ca
na
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Lt
d.
an
d
fr
om
th
e
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ar
y
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ge
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en
Marathon (3).
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c
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p
e
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o
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t
h
e
K
i
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b
e
r
l
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C
l
a
r
k
o
f
C
a
n
a
d
a
L
t
d
.
m
i
l
l
a
t
T
e
r
r
a
c
e
B
a
y
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F
e
c
a
l
c
o
l
i
f
o
r
m
co
un
ts
w
e
r
e
al
so
el
ev
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ed
.
I
n
T
h
u
n
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e
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a
r
b
o
u
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,
t
h
e
m
a
j
o
r
c
o
n
t
r
i
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u
t
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g
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o
u
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c
e
o
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e
K
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k
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i
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w
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i
c
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t
h
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r
e
c
e
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g
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r
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u
m
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r
o
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s
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r
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a
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(
m
a
i
n
l
y
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u
l
p
a
n
d
p
a
p
e
r
m
i
l
l
)
a
n
d
m
u
n
i
c
i
p
a
l
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a
s
t
e
d
i
s
c
h
a
r
g
e
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d
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—Along the Wisconsin
shoreline,
slightly elevated bacterial levels indica—
tive of initial stages of degradation are observed near the Middle, Brule,
Iron, and Bad Rivers, and Ashland Harbor.
These
regions
could
develOp
into
prOblem
areas
if
steps
are
not
taken
to
identify
and
control
the
causes
of
water
quality
degradation.
Data
from
many
of
the
areas
studied
were
not
sufficiently
intensive
to
provide
a
proper
estimate
of
water
quality.
Future
studies
should
be
suffic—
iently
intensive
to
establish
areas of
impact
and
influence
of
point
sources
of pollution (2).
ADEQUACY
OF
BACTERIOLOGICAL
OBJECTIVES
AND
STANDARDS
Since their populations are generally low or absent, monitoring only
total and fecal coliforms is not adequate to protect potential users of Lake
Superior, to measure changing trophic conditions, and to maintain nondegrada—
tion. Furthermore, the majority of present bacteriological objectives and
standards are based on levels analytically attainable rather than on strong
epidemiological evidence.
Total coliforms is questionable as a public health indicator because of
the heterogeneity of the organisms comprising it and because elevated counts
have been recorded in non—fecally contaminated environments. The National
Technical Advisory Committee, in its April 1968 report to the Fresh Water
Pollution Control Agency, rejected the use of these oganisms (5).
To measure bacteriological water quality, the following parameters
should be routinely measured: fecal coliforms, fecal streptococci, PBeudbmonas
aeruginosa, and aerobic heterotrophs. The significance of fecal coliforms,
fecal streptococci, and heterotrophs is detailed in Chapter 5.5. Pseudomonas
aeruginosa is important where water for intimate human use is being considered.
These organisms are responsible for many upper respiratory tract, urinary
tract, and other infections; and are indicators of potential hazards caused by
pathogens such as Salmonella, Shigella, Vibrios, and enteric viruses. In
addition, the sulphur-cycle bacteria appear to be a useful supplement in some
cases to analyze the impact of industrial pulp and paper waste discharges.
New microbiologicalobjectives should also be established and measurement
methods developed. These recommendations have been forwarded to the Water
Quality Objectives Subcommittee of the Water Quality Board (6).
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REVIEW OF POTENTIAL PROBLEMS
Potential problems caused by metals contamination in aquatic ecosystems 3
may be exhibited via several routes. At sufficiently high concentrations, '
metals in water may result in direct mortality of aquatic biota. Such con-
centrations generally exist only in extremely localized areas such as harbours
or tributary mouths where losses of metal—bearing wastes may occur from
industrial or municipal discharges or spills.
Chronic exposure to metal concentrations lower than the lethal level can
have serious, though more subtle, adverse effects on the biota. Metals taken
up directly from water or through the food chain may accumulate in tissues and
organs, causing morphological, growth, behavior, or reproduction problems.
Indirectly, metals may weakenorganisms or change behavioral patterns, making
them more vulnerable to other environmental stresses such as diseases or
predation. Another indirect influence would be the elimination or reduction
in abundance of important food chain organisms. Finally, biomagnification of
metals in fish tissue may present a hazard to wildlife and humans through
consumption of contaminated fish.
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—Mercury levels exceeded the U.S. and Canada food fish guidelines of 0.5 mg/kg
in many larger lake trout especially fatty ones (including the variety siscowet)
from both the open waters of Lake Superior, at Grand Marais, (Minnesota),
Keweenaw Point, Coppermine Bank, Pic Bank, and Bateau Rock; and inshore waters,
at Thunder Bay, Black Bay, Nipigon Bay, Marathon, Grand Marais (Michigan),
Marquette, the Apostle Islands, and Isle Royale. In general, these fish were
substantially larger than the average taken in the commercial and angling I
fisheries.
Burbot from the offshore grounds at Pic Bank were also excessively contam-
inated with mercury, as were walleye, northern pike, and whitefish from several
nearshore locations in Lake Superior, including Pine Bay, Marathon, and the
Apostle Islands.
The mercury contamination of fish is often attributable to point sources, l
particularly chlor-alkali plants and pulp and paper mills, and especially in J
the nearshore locations. Abatement programs have essentially eliminated the
discharge of mercury from all of these sources except the American Can of 1
Canada, Ltd. chlor—alkali plant at Marathon. Mercury discharges from this ‘
source are scheduled to be eliminated by December, 1978.
Notwithstanding the past history of point source discharges of mercury,
a significant portion of the mercury input to Lake Superior is from natural
scurces. This is substantiated by the fact that mercury levels in walleye
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o L
ake
Sup
eri
or.
 
SEDIMENT
Th
e
se
di
me
nt
s
of
La
ke
Su
pe
ri
or
co
nt
ai
n
el
ev
at
ed
co
nc
en
tr
at
io
ns
of
le
ad
and
ex
ce
ss
iv
e
co
nc
en
tr
at
io
ns
of
zi
nc
and
me
rc
ur
y
at
ma
ny
of
the
lo
ca
ti
on
s
sa
mp
le
d.
In
ad
di
ti
on
,
el
ev
at
ed
co
nc
en
tr
at
io
ns
of
co
pp
er
ar
e
pr
es
en
t
in
th
e
se
di
me
nt
s
of
th
e
Up
pe
r
Po
rt
ag
e
En
tr
y,
th
e
re
su
lt
of
pa
st
mi
ni
ng
op
er
at
io
ns
.
Ele
vat
ed
lea
d
con
cen
tra
tio
ns
att
rib
uta
ble
to
atm
osp
her
ic
fal
lou
t
are
fou
nd
in
th
e
de
po
si
ti
on
al
zo
ne
s
of
La
ke
Su
pe
ri
or
bu
t
th
e
le
ve
ls
ar
e
no
t
ca
us
in
g
an
y
kn
ow
n
ec
ol
og
ic
al
de
tr
im
en
t.
Ad
di
ti
on
al
ly
,
the
se
di
me
nt
s
at
Mu
ni
si
ng
ha
ve
le
ad
co
nc
en
tr
at
io
ns
in
ex
ce
ss
of
th
e
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
(E
PA
)
dr
ed
gi
ng
gu
id
el
in
e
(A
pp
en
di
x
C)
;
th
e
ca
us
e
of
th
es
e
hi
gh
co
nc
en
tr
at
io
ns
is
no
t
known but may be due to past inputs.
Zi
nc
is
a
me
ta
l
co
mm
on
to
th
e
mi
ne
ro
lo
gy
of
th
e
La
ke
Su
pe
ri
or
Ba
si
n
as
we
ll
as
to
La
ke
s
Mi
ch
ig
an
an
d
Hu
ro
n;
hi
gh
co
nc
en
tr
at
io
ns
in
th
e
se
di
me
nt
s
ar
e
i:
Co
mm
on
an
d
of
te
n
na
tu
ra
ll
y
oc
cu
rr
in
g.
Ho
we
ve
r,
zi
nc
co
nc
en
tr
at
io
ns
in
ex
ce
ss
'
0f
th
e
E
P
A
dr
ed
gi
ng
gu
id
el
in
e
ar
e
fo
un
d
in
th
e
se
di
me
nt
s
of
Th
un
de
r
Ba
y
an
d
I
n
b
o
t
h
c
a
s
e
s
,
t
h
e
s
e
h
i
g
h
c
o
n
c
e
n
t
r
a
t
i
o
n
s
r
e
l
a
t
e
t
o
p
a
s
t
p
o
i
n
t
i
Mu
ni
si
ng
.
j.
)
d
u
a
l
p
r
o
b
l
e
m
s
w
h
i
c
h
s
h
o
u
l
d
g
r
a
d
u
a
l
l
y
1ﬁ
¢
1:3,
I“
3
A
so
ur
ce
di
sc
ha
rg
es
an
d
ar
e
th
er
ef
or
e
re
si
de
cr
ea
se
as
th
e
ex
is
ti
ng
se
di
me
nt
is
ei
t
covered by newer sediments.
h
e
r
d
i
s
p
e
r
s
e
d
i
n
t
o
t
h
e
o
p
e
n
l
a
k
e
o
r
415
    ;
  
W
h
i
l
e
n
a
t
ur
a
l
le
ve
ls
of
m
e
r
c
u
r
y
f
r
o
m
so
il
w
e
a
t
h
e
r
i
n
g
an
d
g
e
o
c
h
e
m
i
c
a
l
p
r
o
c
e
s
s
e
s
a
p
p
e
a
r
u
n
u
s
u
a
l
l
y
hi
gh
,
c
e
r
t
a
i
n
i
n
d
u
s
t
r
i
a
l
d
i
s
c
h
a
r
g
e
s
,
p
a
r
t
i
c
u
l
a
r
l
y
c
h
l
o
r
-
a
l
k
a
l
i
pl
an
ts
,
pu
lp
an
d
p
a
p
e
r
mi
ll
s,
an
d
m
i
n
i
n
g
o
p
e
r
a
t
i
o
n
s
w
e
r
e
th
e
m
a
j
o
r
s
o
ur
c
e
of
th
e
m
e
r
c
u
r
y
in
pu
t
to
L
a
k
e
S
up
e
r
i
o
r
un
t
i
l
re
ce
nt
ly
.
As
a
re
su
lt
,
co
nc
en
tr
at
io
ns
of
me
rc
ur
y
in
ex
ce
ss
of
th
e
0.
3
mg
/k
g
On
ta
ri
o
gu
id
el
in
e
ar
e
pr
es
en
t
in
Th
un
de
r
Ba
y,
Ja
ck
fi
sh
Ba
y,
an
d
Pe
ni
ns
ul
aj
Ha
rb
ou
r
se
di
me
nt
s.
Ne
ar
sh
or
e
se
di
me
nt
s
be
tw
ee
n
Ni
pi
go
n
Ba
y
an
d
Ma
ra
th
n
co
nt
ai
n
me
rc
ur
y
co
nc
en
tr
at
io
ns
mo
re
th
an
do
ub
le
th
e
op
en
la
ke
se
di
me
nt
va
lu
es
(0
.2
04
mg
/k
g
vs
.
0.
08
3
mg
/k
g)
.
Se
di
me
nt
s
wi
th
in
Pe
ni
ns
ul
a
Ha
rb
ou
r
cd
nt
ai
ne
d
th
e
hi
gh
es
t
me
rc
ur
y
co
nc
en
tr
at
io
n
(3
8.
3
mg
/k
g)
fo
un
d
in
La
ke
Su
pe
ri
or
.
Th
e
me
rc
ur
y
le
ve
ls
ar
e
th
e
re
su
lt
of
di
sc
ha
rg
es
fr
om
th
e
Am
er
ic
an
Ca
n
of
Ca
na
da
,
Lt
d.
ch
lo
r-
al
ka
li
pl
an
t.
Th
e
av
er
ag
e
me
rc
ur
y
co
nc
en
tr
at
io
n
at
Ja
ck
fi
sh
Ba
y
wa
s
0.
28
mg
/k
g
an
d
at
Th
un
de
r
Ba
y
0.
21
7
mg
/k
g;
so
me
lo
ca
ti
on
s
in
Th
un
de
r
Ba
y
ex
ce
ed
0.
3
mg
/k
g.
Th
es
e
le
ve
ls
ar
e
al
l
at
tr
ib
ut
ab
le
to
pa
st
lo
ss
es
fr
om
ch
lo
r-
al
ka
li
or
pu
lp
an
d
pa
pe
r
mi
ll
op
er
at
io
ns
an
d,
wi
th
th
e
ex
ce
pt
io
n
of
Ma
ra
th
on
,
ar
e
re
si
du
al
pr
ob
le
ms
th
at
sh
ou
ld
de
cr
ea
se
to
ac
ce
pt
ab
le
le
ve
ls
with time.
Se
di
me
nt
s
in
th
e
we
st
er
n
se
ct
io
n
of
La
ke
Su
pe
ri
or
co
nt
ai
n
re
la
ti
ve
ly
hi
gh
co
nc
en
tr
at
io
ns
of
me
rc
ur
y
wh
ic
h
we
re
de
po
si
te
d
at
ab
ou
t
th
e
tu
rn
of
th
e
ce
nt
ur
y.
Th
e
me
rc
ur
y
is
ge
ne
ra
ll
y
co
ns
id
er
ed
re
la
te
d
to
hi
st
or
ic
mi
ni
ng
ac
ti
vi
ty
ne
ar
Th
un
de
r
Ba
y.
Tr
an
sb
ou
nd
ar
y
mo
ve
me
nt
of
th
is
me
rc
ur
y
ha
s
be
en
do
cu
me
nt
ed
in
th
e
se
di
me
nt
s
of
we
st
er
n
La
ke
Su
pe
ri
or
wi
th
in
a
zo
ne
ex
te
nd
in
g
fr
om
Th
un
de
r
Ba
y
to
a
po
in
t
so
ut
hw
es
t
of
th
e
in
te
rn
at
io
na
l
bo
un
da
ry
in
th
e
de
ep
er
wa
te
rs
of
th
e
Du
lu
th
su
b—
ba
si
n.
Th
e
se
di
me
nt
s
in
th
is
ar
ea
al
l
co
n—
ta
in
me
rc
ur
y
in
ex
ce
ss
of
0.
10
mg
/k
g
wi
th
co
nc
en
tr
at
io
ns
be
tw
ee
n
0.
15
an
d
0.2
0
mg/
kg
in
the
sed
ime
nts
in
the
dee
per
wat
er
off
Dul
uth
and
Bar
k
Poi
nt.
CONCLUSIONS
Vio
lat
ion
s o
f m
eta
ls
gui
del
ine
s a
re
fou
nd
in
fis
h a
nd
sed
ime
nts
in
Lak
e
Sup
eri
or;
how
eve
r,
mos
t o
f t
hes
e a
re
con
sid
ere
d r
esi
dua
l p
rob
lem
s.
Exi
sti
ng
aba
tem
ent
pro
gra
ms
app
ear
to
be
gen
era
lly
ade
qua
te,
and
are
all
in
pla
ce
exc
ept
at
Ame
ric
an
Can
of
Can
ada
, L
td.
whi
ch
is
sch
edu
led
for
com
ple
tio
n b
y
Dec
emb
er,
1978
.
Sin
ce
the
min
ero
log
y o
f t
he
Lak
e S
upe
rio
r B
asi
n i
s r
ich
in
many
of t
he h
eavy
meta
ls,
poin
t so
urce
disc
harg
es
of m
etal
s mu
st
beke
pt
at
or b
elow
pres
ent
leve
ls.
This
is e
spec
iall
y pe
rtin
ent
beca
use
of
the
know
n
copp
er a
nd n
icke
l or
e bo
dies
in t
he b
asin
that
are
unde
r co
nsid
erat
ion
for
deve
lopm
ent.
Even
with
this
degr
ee o
f co
ntro
l,
some
of t
he l
arge
r, o
lder
,
fatter fish will probably always contain mercury in excess of the food fish
guidelines.
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REVIEW OF POTENTIAL PROBLEMS
Organic pollutants may constitute the most widespread waste loadings
into the waters of Lake Superior. There are essentially three categories of
organic contaminants. The first grouping consists of those organic compounds
that readily degradebiologically or chemically. Visual perturbations are
generally detected after degradation because of sludge deposition and reduced
oxygen levels with subsequent suffocation of some forms of aquatic life
(1,2). These reactions can also result in the direct mobilization of metals
by complexation (3), conversion of inorganic forms of metals to methyl and
dimethyl complexes (4-6), and pH and E changes in sediment which may mobilize
metals, especially manganese (7) and iron (12).
 
The second category of organic contaminants is comprised of less readily
degraded organic compounds which may be directly toxic to aquatic life and to
consumers of aquatic life, which may be bioconcentrated to toxic levels, or
which may be metabolized to a more toxic form and stored in higher organisms.
An excellent example of such compounds is PCB's which not only directly bio—
concentrate to toxic levels butare also metabolized to the more toxic hydroxy
PCB'S (13).
The third category consists of the many organic compounds that can cause
taste and odour problems in domestic water supplies or taint the flesh of
food fishes. The best known are phenols (l). Phenols can also combine with
chlorine during disinfection and bleaching processes to produce chloro—
compounds (8) with markedly different properties: generally more toxic and
susceptible to bioaccumulation, more persistent in the aquatic ecosystem (9),
and with strong odours or taste (9).
Identification of individual organic compounds is difficult in environ-
mental samples, and currently the state of the art is developing. In addition,
comparison of data obtained from air, water, sediments, and biota is often
difficult.
The
ana
lyt
ica
l m
eth
odo
log
y
emp
loy
ed
for
all
stu
die
s w
as
bas
ed
on
ext
rac
-
tion
of n
on-i
onic
comp
ound
s.
Howe
ver,
the
larg
est
grOu
p of
pote
ntia
l or
gani
c
con
tam
ina
nts
are
ion
ic,
as
are
man
y m
eta
bol
ite
s;
the
se
wer
e p
roc
edu
ral
ly
exc
lud
ed
fro
m a
nal
ysi
s.
An
exa
mpl
e o
f t
his
cla
ss
of
com
pou
nds
is
pen
tac
hlo
ro—
phe
nol
whi
ch
is
wid
ely
use
d f
or
pre
ser
vin
g w
ood
, e
spe
cia
lly
in
aqu
ati
c e
nvi
ron
—
men
ts.
Oth
er
inp
uts
to
Lak
e
Sup
eri
or
via
atm
osp
her
ic
pre
cip
ita
tio
n
and
du
st
fa
ll
we
re
no
t
me
as
ur
ed
fo
r
pe
rs
is
te
nt
or
ga
ni
c
co
nt
am
in
an
ts
wh
ic
h
ar
e
kn
ow
n
to
be
pr
es
en
t
in
de
te
ct
ab
le
co
nc
en
tr
at
io
ns
in
ot
he
r
ar
ea
s
(1
0)
.
41
7
 H
i
g
h
l
y
s
t
a
b
l
e
o
r
g
a
n
i
c
c
o
m
p
o
u
n
d
s
a
r
e
s
p
r
e
a
d
t
h
r
o
u
g
h
o
u
t
t
h
e
e
c
o
s
y
s
t
e
m
.
L
i
t
t
l
e
i
s
k
n
o
w
n
a
b
o
u
t
t
h
e
c
h
e
m
i
c
a
l
a
n
d
b
i
o
l
o
g
i
c
a
l
c
y
c
l
i
n
g
a
n
d
f
a
t
e
o
f
t
h
e
s
e
c
o
m
p
o
u
n
d
s
.
T
h
i
s
i
s
p
a
r
t
i
c
u
l
a
r
l
y
i
m
p
o
r
t
a
n
t
b
e
c
a
u
s
e
o
f
t
h
e
s
p
e
c
i
f
i
c
c
h
a
r
a
c
t
e
r
—
i
s
t
i
c
s
o
f
L
a
k
e
S
u
p
e
r
i
o
r
,
i
n
c
l
u
d
i
n
g
i
t
s
v
e
r
y
l
o
n
g
r
e
t
e
n
t
i
o
n
t
i
m
e
a
n
d
t
h
e
f
a
c
t
t
h
a
t
t
h
e
w
a
t
e
r
f
r
o
m
t
h
i
s
l
a
k
e
f
l
o
w
s
i
n
t
o
t
h
e
L
o
w
e
r
L
a
k
e
s
.
T
h
e
d
a
t
a
p
r
e
s
e
n
t
e
d
b
e
l
o
w
f
o
r
s
p
e
c
i
f
i
c
c
o
n
t
a
m
i
n
a
n
t
s
a
r
e
o
n
l
y
a
r
e
p
r
e
s
e
n
t
a
—
t
i
v
e
p
o
r
t
i
o
n
o
f
t
h
e
d
a
t
a
a
v
a
i
l
a
b
l
e
.
M
o
r
e
i
n
f
o
r
m
a
t
i
o
n
i
s
f
o
u
n
d
i
n
e
a
c
h
o
f
t
h
e
s
e
c
t
i
o
n
s
o
f
C
h
a
p
t
e
r
4
,
e
s
p
e
c
i
a
l
l
y
C
h
a
p
t
e
r
4
.
1
,
a
n
d
i
n
t
h
e
o
p
e
n
w
a
t
e
r
f
i
s
h
e
r
i
e
s
s
e
c
t
i
o
n
,
C
h
a
p
t
e
r
5
.
6
.
T
o
g
e
t
h
e
r
,
t
h
e
s
e
d
a
t
a
u
n
e
q
u
i
v
o
c
a
l
l
y
d
e
m
o
n
s
t
r
a
t
e
t
h
e
w
i
d
e
s
p
r
e
a
d
o
c
c
u
r
r
e
n
c
e
o
f
a
l
a
r
g
e
n
u
m
b
e
r
o
f
p
e
r
s
i
s
t
e
n
t
o
r
g
a
n
i
c
c
o
n
t
a
m
i
n
a
n
t
s
a
n
d
t
h
e
m
a
g
n
i
t
u
d
e
o
f
t
h
e
p
r
o
b
l
e
m
a
s
s
o
c
i
a
t
e
d
w
i
t
h
t
h
e
s
e
c
o
m
p
o
u
n
d
s
.
S
P
E
C
I
F
I
C
C
O
N
T
A
M
I
N
A
N
T
S
P
O
L
Y
C
H
L
O
R
I
N
A
T
E
D
B
I
P
H
E
N
Y
L
S
P
C
B
'
s
h
a
v
e
b
e
e
n
r
e
c
o
g
n
i
z
e
d
a
s
w
i
d
e
s
p
r
e
a
d
a
n
d
h
i
g
h
l
y
p
e
r
s
i
s
t
e
n
t
o
r
g
a
n
i
c
c
o
n
t
a
m
i
n
a
n
t
s
f
o
r
s
o
m
e
y
e
a
r
s
.
T
h
e
i
r
r
e
s
i
s
t
a
n
c
e
t
o
d
e
g
r
a
d
a
t
i
o
n
a
n
d
l
i
p
o
p
h
i
l
i
c
n
a
t
u
r
e
l
e
a
d
s
t
o
t
h
e
i
r
b
i
o
a
c
c
u
m
u
l
a
t
i
o
n
a
n
d
,
a
c
c
o
r
d
i
n
g
l
y
,
t
h
e
y
h
a
v
e
b
e
e
n
o
b
s
e
r
v
e
d
i
n
m
a
n
y
f
o
r
m
s
o
f
b
i
o
t
a
,
i
n
c
l
u
d
i
n
g
m
a
n
.
P
C
B
'
s
i
n
a
i
r
a
r
e
f
o
u
n
d
a
d
s
o
r
b
e
d
o
n
t
o
p
a
r
t
i
c
u
l
a
t
e
m
a
t
t
e
r
,
i
n
s
n
o
w
,
a
n
d
i
n
r
a
i
n
.
P
C
B
'
s
p
r
e
s
e
n
t
i
n
w
a
t
e
r
a
c
c
u
m
u
l
a
t
e
i
n
s
u
s
p
e
n
d
e
d
m
a
t
t
e
r
a
n
d
b
i
o
t
a
a
n
d
a
r
e
e
i
t
h
e
r
p
r
e
c
i
p
i
t
a
t
e
d
w
i
t
h
s
e
d
i
m
e
n
t
s
o
r
w
i
l
l
e
n
t
e
r
t
h
e
f
o
o
d
c
h
a
i
n
.
D
i
r
e
c
t
t
o
x
i
c
e
f
f
e
c
t
s
t
o
a
q
u
a
t
i
c
a
n
i
m
a
l
s
,
m
i
n
k
,
b
i
r
d
s
,
m
o
n
k
e
y
s
,
a
n
d
m
a
n
h
a
v
e
b
e
e
n
n
o
t
e
d
(
1
1
)
.
B
e
c
a
u
s
e
o
f
t
h
e
i
r
w
i
d
e
s
p
r
e
a
d
o
c
c
u
r
r
e
n
c
e
,
p
e
r
s
i
s
t
e
n
c
e
,
b
i
o
a
c
c
u
m
u
l
a
t
i
o
n
,
a
n
d
t
o
x
i
c
o
l
o
g
i
c
a
l
s
i
g
n
i
f
i
c
a
n
c
e
,
U
.
S
.
a
n
d
C
a
n
a
d
i
a
n
a
g
e
n
c
i
e
s
h
a
v
e
d
e
v
e
l
o
p
e
d
o
b
j
e
c
t
i
v
e
s
a
n
d
g
u
i
d
e
l
i
n
e
s
f
o
r
m
a
x
i
m
u
m
P
C
B
l
e
v
e
l
s
i
n
w
a
t
e
r
,
f
o
o
d
,
a
n
d
b
i
o
t
a
f
o
r
t
h
e
p
r
o
t
e
c
t
i
o
n
o
f
e
c
o
s
y
s
t
e
m
s
a
n
d
o
f
m
a
n
h
i
m
s
e
l
f
.
T
h
e
c
u
r
r
e
n
t
g
u
i
d
e
l
i
n
e
l
e
v
e
l
s
a
r
e
g
i
v
e
n
i
n
A
p
p
e
n
d
i
x
C.
I
n
a
d
d
i
t
i
o
n
,
t
h
e
W
a
t
e
r
Q
u
a
l
i
t
y
O
b
j
e
c
t
i
v
e
s
S
u
b
c
o
m
m
i
t
t
e
e
o
f
t
h
e
W
a
t
e
r
Q
u
a
l
i
t
y
B
o
a
r
d
h
a
s
r
e
p
o
r
t
e
d
(
2
7
)
t
h
a
t
P
C
B
'
s
i
n
w
a
t
e
r
s
h
o
u
l
d
n
o
t
e
x
c
e
e
d
0
.
0
0
1
u
g
/
£
b
u
t
t
h
i
s
l
e
v
e
l
m
a
y
n
o
t
b
e
a
d
e
q
u
a
t
e
t
o
p
r
o
v
i
d
e
p
r
o
t
e
c
t
i
o
n
t
o
c
e
r
t
a
i
n
p
r
e
d
a
t
o
r
s
a
n
d
c
o
u
l
d
n
o
t
b
e
e
n
f
o
r
c
e
d
b
e
c
a
u
s
e
o
f
i
n
s
u
f
f
i
c
i
e
n
t
l
y
s
e
n
s
i
t
i
v
e
q
u
a
n
t
i
f
i
c
a
t
i
o
n
limits.
P
C
B
'
s
w
e
r
e
n
o
t
d
e
t
e
c
t
e
d
i
n
t
h
e
w
a
t
e
r
s
o
f
L
a
k
e
S
u
p
e
r
i
o
r
a
t
t
h
e
d
e
t
e
c
t
i
o
n
l
i
m
i
t
of
1
0
n
g
/
R
.
H
o
w
e
v
e
r
,
l
a
k
e
w
i
d
e
c
o
n
t
a
m
i
n
a
t
i
o
n
is
o
b
s
e
r
v
e
d
i
n
a
n
a
l
y
s
e
s
o
n
fi
sh
es
.
A
l
l
s
p
e
c
i
e
s
i
n
v
e
s
t
i
g
a
t
e
d
h
a
d
P
C
B
r
e
s
i
d
u
e
s
w
i
t
h
t
h
e
h
i
g
h
e
s
t
l
e
ve
l
s
o
b
s
e
r
ve
d
in
l
a
r
g
e
si
ze
p
r
e
d
a
t
o
r
s
,
p
a
r
t
i
c
u
l
a
r
l
y
l
a
k
e
tr
ou
t.
In
th
e
of
fs
ho
re
fi
sh
of
La
ke
Su
pe
ri
or
,
at
le
as
t
in
th
e
la
rg
er
sp
ec
im
en
s,
hi
gh
er
le
ve
ls
of
PC
B
co
nt
am
in
at
io
n
th
an
in
La
ke
Hu
ro
n
we
re
fo
un
d.
Le
ve
ls
we
re
hi
gh
es
t
in
ma
tu
re
wh
ol
e
la
ke
tr
ou
t
(o
r
si
sc
ow
et
)
wi
th
me
an
le
ve
ls
of
4.
3
mg
/k
g
at
Ke
we
en
aw
Po
in
t,
2.
7
mg
/k
g
at
Pi
c
Ba
nk
,
an
d
2.
3
mg
/k
g
at
Co
pp
er
mi
ne
Ba
nk
.
In
ot
he
r
sp
ec
ie
s
(b
lo
at
er
ch
ub
,
bu
rb
ot
,
la
ke
he
rr
in
g,
an
d
sl
im
y
sc
ul
pi
n)
le
ve
ls
ra
ng
ed
up
to
2
mg
/k
g
an
d
we
re
lo
w
on
ly
in
th
os
e
sl
im
y
sc
ul
pi
n
wh
ic
h
we
re
sm
al
l
an
d
ob
vi
ou
sl
y
ve
ry
yo
un
g
fi
sh
.
An
al
ys
es
fo
r
tw
o
sa
mp
le
s
of
wh
ol
e
an
d
fi
ll
et
po
rt
io
ns
of
la
ke
tr
ou
t
fr
om
th
e
Ap
os
tl
e
Is
la
nd
s
sh
ow
ed
1.
80
an
d
1.
69
mg
/k
g
fo
r
wh
ol
e
an
d
fi
ll
et
fi
sh
,
re
sp
ec
ti
ve
ly
.
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Detailed investigations were undertaken on sampling sites along the
northern shore, from Pine Bay to Batchawana Bay (14). PCB residues in edible
portions of fish, on a wet weight basis, were found to be in the order of 0.5
mg/kg in whitefish, 0.6 mg/kg in lake trout, and 0.4 mg/kg in lake herring,
respectively. In Lake Superior waters north and east of the Apostle Islands
(15) mean PCB residues Were %0.7 mg/kg in chub, in lake herring, and in white— ‘
fish. The same survey observed PCB levels of W2.0 mg/kg in lake trout <l.5 kg
weight, and a mean >4.0 mg/kg in lake trout >2.5 kg weight.
Fish such as burbot, herring, walleye, whitefish, brook trout, white
sucker, mottled sculpin, and smelt in waters between Duluth and Pine Bay (16)
were found to contain PCB residues in the range of 0.2 to 0.5 mg/kg in edible
portions on a wet weight basis. In the same area, lake trout, shallow water
cisco, deep water cisco, and long nose sucker had PCB mean residues of W1.0
mg/kg in edible portions. A survey near Rock Harbour, Isle Royale, and off
Cari
bou
Isla
nd
(17)
indi
cate
d PC
B co
ntam
inat
ion
in a
rang
e of
2.7
to 1
3.8
mg/kg in edible portions of lake trout. Mean PCB concentrations exceeded the
U.S.
Food
and
Drug
Admi
nist
rati
on (
FDA)
guid
elin
e of
5.0
mg/k
g fo
r fi
llet
s of
fat
lake
trou
t fr
om M
unis
ing
(5.1
0 mg
/kg)
, Ma
rque
tte
(5.0
5 mg
/kg)
, an
d Bl
ack
Rive
r (
8.37
mg/k
g).
Lean
lake
trou
t fr
om t
hese
loca
tion
s av
erag
ed 2
.53
mg/k
g; w
hite
fish
and
herr
ing
aver
aged
0.54
mg/k
g.
Addi
tion
al d
ata
are
give
n
in Chapter 4.1.
Lak
e t
rou
t f
rom
mos
t a
rea
s o
f L
ake
Sup
eri
or
are
con
tam
ina
ted
wit
h P
CB'
s
clo
se
to
or
in
exc
ess
of
the
Can
ada
hea
lth
pro
tec
tio
n g
uid
eli
ne
of
2.0
mg/
kg
in
fis
h.
Thi
s
is
par
tic
ula
rly
evi
den
t
in
lar
ge
lak
e
tro
ut
whi
ch
may
hav
e
PCB
lev
els
sev
era
l
tim
es
thi
s
val
ue
and
hen
ce
are
als
o
exc
eed
ing
the
U.S
.
FDA
gu
id
el
in
e
of
5.
0
mg
/k
g
in
ed
ib
le
po
rt
io
ns
of
fi
sh
.
 
Al
th
ou
gh
PC
B
in
pu
t
in
to
th
e
Up
pe
r
La
ke
s
is
de
fi
ni
te
ly
as
so
ci
at
ed
wi
th
in
du
st
ri
al
an
d
mu
ni
ci
pa
l
ef
fl
ue
nt
s
(C
ha
pt
er
3.2
)
(18
,
19)
,
to
ta
l
lo
ad
in
gs
fr
om
th
es
e
so
ur
ce
s
an
d
fr
om
tr
ib
ut
ar
ie
s
do
no
t
ac
co
un
t
fo
r
th
e
PC
B
re
si
du
es
ob
se
rv
ed
in
th
e
se
di
me
nt
s
an
d
th
e
bi
ot
a
of
th
es
e
wa
te
rs
,
no
r
fo
r
th
e
wi
de
-
sp
re
ad
an
d
ge
ne
ra
ll
y
un
if
or
m
PC
B
di
st
ri
bu
ti
on
.
Fr
om
a
ve
ry
li
mi
te
d
in
ve
st
ig
a-
ti
on
on
PC
B'
s
in
ra
in
(1
0)
it
is
kn
ow
n
th
at
PC
B'
s
ma
y
be
pr
es
en
t
in
pr
ec
ip
it
a—
ti
on
;
th
e
ob
se
rv
ed
co
nc
en
tr
at
io
ns
of
le
ss
th
an
or
ne
ar
0.
02
pg
/Q
(i
nc
lu
di
ng
pa
rt
ic
ul
at
e
fa
ll
ou
t)
ma
y
ac
co
un
t
fo
r
an
in
pu
t
of
1,
00
0
kg
/a
to
La
ke
Su
pe
ri
or
.
Th
e
ec
ol
og
ic
al
im
pa
ct
of
ch
lo
ri
na
te
d
bi
ph
en
yl
co
mp
ou
nd
s
ha
s
se
ve
re
ly
af
fe
ct
ed
th
e
fi
sh
er
y
of
La
ke
Su
pe
ri
or
.
Co
nt
in
ue
d
in
pu
ts
of
PC
B'
s
ma
y
en
ti
re
ly
el
im
in
at
e
th
e
us
e
of
fi
sh
as
a
fo
od
so
ur
ce
.
Im
me
di
at
e
an
d
de
ci
si
ve
st
ep
s
mu
st
be
ta
ke
n
to
pr
ev
en
t
fu
rt
he
r
co
nt
am
in
at
io
n
an
d
de
gr
ad
at
io
n.
DDT AND ITS METABOLITES
DD
T
an
d
it
s
me
ta
bo
li
te
s
(D
DD
an
d
DD
E)
we
re
th
e
fi
rs
t
of
th
e
ge
ne
ra
l
gr
ou
p
of
co
mp
ou
nd
s
kn
ow
n
as
ch
lo
ri
na
te
d
hy
dr
oc
ar
bo
n
in
se
ct
ic
id
es
to
re
ce
iv
e
wo
r
l
d
wi
d
e
a
t
t
e
n
t
i
o
n
as
a
h
i
g
h
l
y
pe
rs
is
te
nt
co
nt
am
in
an
t
pr
es
en
t
in
p
r
a
c
t
i
c
a
l
l
y
a
l
l
t
r
o
p
h
i
c
l
e
v
e
l
s
o
f
t
h
e
e
n
v
i
r
o
n
m
e
n
t
.
D
D
T
'
s
a
r
e
p
a
r
t
i
c
u
l
a
r
l
y
k
n
o
w
n
f
o
r
t
h
e
i
r
b
i
o
a
c
c
u
m
u
l
a
t
i
o
n
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
in
a
q
u
a
t
i
c
o
r
g
a
n
i
s
m
s
,
t
h
e
i
r
e
f
f
e
c
t
s
o
n
f
i
s
h
a
n
d
w
i
l
d
l
i
f
e
,
a
n
d
t
h
e
i
r
p
o
t
e
n
t
i
a
l
c
a
r
c
i
n
o
g
e
n
i
c
i
t
y
i
n
h
u
m
a
n
s
.
R
e
p
o
r
t
e
d
419
  J;  
 h
e
G
r
e
a
t
L
a
k
e
s
d
u
r
i
n
g
t
h
e
m
i
d
-
1
9
6
0
'
s
(
2
0
)
,
D
D
T
w
a
s
b
a
n
n
e
d
f
r
o
m
u
s
e
i
n
t
h
e
s
t
a
t
e
s
b
o
r
d
e
r
i
n
g
o
n
L
a
k
e
M
i
c
h
i
g
a
n
d
u
r
i
n
g
1
9
6
9
—
7
0
,
a
s
p
r
e
s
e
n
t
i
n
f
i
s
h
e
s
o
f
t
e
s
s
e
n
t
i
a
l
l
y
b
a
n
n
e
d
i
n
C
a
n
a
d
a
i
n
1
9
7
0
,
a
n
d
b
a
n
n
e
d
i
n
t
h
e
e
n
t
i
r
e
U
n
i
t
e
d
S
t
a
t
e
s
i
n
1
9
7
2
.
S
i
n
c
e
t
h
e
c
o
n
t
r
o
l
o
n
D
D
T
u
s
a
g
e
b
y
t
h
e
s
t
a
t
e
s
b
o
r
d
e
r
i
n
g
o
n
L
a
k
e
M
i
c
h
i
g
a
n
,
a
v
e
r
a
g
e
r
e
s
i
d
u
e
s
o
f
t
h
i
s
i
n
s
e
c
t
i
c
i
d
e
h
a
v
e
d
e
c
l
i
n
e
d
d
r
a
m
a
t
i
c
a
l
l
y
i
n
t
h
a
t
l
a
k
e
(
2
1
)
a
n
d
i
n
t
h
e
L
o
w
e
r
L
a
k
e
s
i
n
g
e
n
e
r
a
l
.
C
u
r
r
e
n
t
r
e
c
o
m
m
e
n
d
e
d
g
u
i
d
e
—
l
i
n
e
s
o
r
c
r
i
t
e
r
i
a
f
o
r
m
a
x
i
m
u
m
a
l
l
o
w
a
b
l
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
D
D
T
i
n
w
a
t
e
r
a
n
d
t
h
e
a
q
u
a
t
i
c
b
i
o
t
a
a
r
e
g
i
v
e
n
i
n
A
p
p
e
n
d
i
x
C
.
R
e
s
i
d
u
e
s
o
f
D
D
T
a
n
d
i
t
s
m
e
t
a
b
o
l
i
t
e
s
w
e
r
e
p
r
e
s
e
n
t
i
n
e
s
s
e
n
t
i
a
l
l
y
a
l
l
s
a
m
p
l
e
s
o
f
f
i
s
h
f
r
o
m
L
a
k
e
S
u
p
e
r
i
o
r
.
M
e
a
n
v
a
l
u
e
s
r
a
n
g
e
d
f
r
o
m
N
0
.
O
l
u
g
/
g
i
n
b
u
l
l
h
e
a
d
s
(
f
i
l
l
e
t
s
)
f
r
o
m
t
h
e
m
O
u
t
h
o
f
t
h
e
B
a
d
R
i
v
e
r
t
o
a
h
i
g
h
o
f
8
.
1
7
u
g
/
g
i
n
l
a
k
e
t
r
o
u
t
(
w
h
o
l
e
f
i
s
h
)
o
f
f
C
o
p
p
e
r
m
i
n
e
B
a
n
k
.
O
b
v
i
o
u
s
d
i
f
f
e
r
e
n
c
e
s
w
e
r
e
n
o
t
e
d
b
e
t
w
e
e
n
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
D
D
T
r
e
s
i
d
u
e
s
f
o
u
n
d
i
n
f
i
l
l
e
t
s
o
f
l
a
k
e
t
r
o
u
t
v
e
r
s
u
s
w
h
o
l
e
f
i
s
h
.
B
a
s
e
d
o
n
s
a
m
p
l
e
s
t
a
k
e
n
a
t
t
h
e
A
p
o
s
t
l
e
I
s
l
a
n
d
s
a
n
d
i
n
t
h
e
v
i
c
i
n
i
t
y
o
f
I
s
l
e
R
o
y
a
l
e
,
i
t
w
o
u
l
d
a
p
p
e
a
r
t
h
a
t
t
h
e
a
v
e
r
a
g
e
t
o
t
a
l
D
D
T
c
o
n
c
e
n
t
r
a
t
i
o
n
w
a
s
b
e
t
w
e
e
n
2
a
n
d
4
t
i
m
e
s
h
i
g
h
e
r
i
n
w
h
o
l
e
f
i
s
h
t
h
a
n
f
i
l
l
e
t
s
.
T
h
e
q
u
e
s
t
i
o
n
s
o
f
c
o
m
p
a
r
a
b
i
l
i
t
y
b
e
t
w
e
e
n
w
h
o
l
e
f
i
s
h
a
n
d
f
i
l
l
e
t
a
n
a
l
y
s
i
s
r
e
m
a
i
n
s
,
h
o
w
e
v
e
r
,
e
s
s
e
n
-
t
i
a
l
l
y
u
n
r
e
s
o
l
v
e
d
b
e
c
a
u
s
e
o
f
t
h
e
d
i
f
f
e
r
e
n
c
e
s
i
n
s
i
z
e
,
f
a
t
c
o
n
t
e
n
t
,
a
n
d
p
o
s
s
i
b
l
e
p
o
p
u
l
a
t
i
o
n
d
i
f
f
e
r
e
n
c
e
i
n
t
h
e
f
i
s
h
s
a
m
p
l
e
d
.
0
f
t
h
e
f
i
s
h
t
a
k
e
n
a
s
p
a
r
t
o
f
t
h
e
M
i
c
h
i
g
a
n
n
e
a
r
s
h
o
r
e
p
r
o
g
r
a
m
,
t
h
e
m
e
a
n
D
D
T
c
o
n
c
e
n
t
r
a
t
i
o
n
e
x
c
e
e
d
e
d
t
h
e
5
.
0
u
g
/
g
U
.
S
.
F
D
A
g
u
i
d
e
l
i
n
e
i
n
e
d
i
b
l
e
f
i
s
h
t
i
s
s
u
e
s
o
n
l
y
i
n
f
a
t
l
a
k
e
t
r
o
u
t
f
r
o
m
B
l
a
c
k
R
i
v
e
r
H
a
r
b
o
r
(
5
.
1
u
g
/
g
)
.
C
o
n
c
e
n
t
r
a
t
i
o
n
s
i
n
e
x
c
e
s
s
o
f
t
h
e
g
u
i
d
e
l
i
n
e
w
e
r
e
o
c
c
a
s
i
o
n
a
l
l
y
f
o
u
n
d
i
n
t
h
e
e
d
i
b
l
e
p
o
r
t
i
o
n
s
o
f
i
n
d
i
v
i
d
u
a
l
f
i
s
h
f
r
o
m
L
o
w
e
r
P
o
r
t
a
g
e
E
n
t
r
y
,
C
o
p
p
e
r
H
a
r
b
o
r
,
M
a
r
q
u
e
t
t
e
,
a
n
d
M
u
n
i
s
i
n
g
.
T
h
e
h
i
g
h
e
s
t
v
a
l
u
e
(
2
6
.
0
2
u
g
/
g
)
w
a
s
i
n
a
l
a
k
e
t
r
o
u
t
f
r
o
m
M
u
n
i
s
i
n
g
.
A
b
o
u
t
h
a
l
f
t
h
e
l
a
k
e
t
r
o
u
t
e
x
c
e
e
d
e
d
t
h
e
p
r
o
p
o
s
e
d
A
g
r
e
e
m
e
n
t
o
b
j
e
c
t
i
v
e
of
1
.
0
u
g
/
g
i
n
w
h
o
l
e
fi
sh
.
T
h
e
a
v
e
r
a
g
e
t
o
t
a
l
D
D
T
c
o
n
c
e
n
t
r
a
t
i
o
n
i
n
l
e
a
n
l
a
k
e
t
r
o
u
t
w
a
s
2
.
0
3
u
g
/
g
a
n
d
t
h
e
a
v
e
r
a
g
e
c
o
n
c
e
n
t
r
a
t
i
o
n
f
o
r
h
e
r
r
i
n
g
a
n
d
W
h
i
t
e
f
i
s
h
i
n
M
i
c
h
i
g
a
n
n
e
a
r
s
h
o
r
e
w
a
t
e
r
s
w
a
s
0
.
5
0
ug
/
g
.
A
d
d
i
t
i
o
n
a
l
d
a
t
a
o
n
D
D
T
i
n
n
e
a
r
s
h
o
r
e
f
i
s
h
a
r
e
g
i
v
e
n
i
n
C
h
a
p
t
e
r
4
.
1
.
M
e
a
n
l
e
ve
l
s
of
to
ta
l
D
D
T
e
xc
e
e
d
e
d
5.
0
ug
/
g
in
m
a
t
u
r
e
w
h
o
l
e
la
ke
t
r
o
ut
f
r
o
m
B
a
t
e
a
u
Ro
ck
,
K
e
w
e
e
n
a
w
Po
in
t,
an
d
C
o
p
p
e
r
m
i
n
e
Ba
nk
.
A
l
l
r
e
m
a
i
n
i
n
g
l
a
k
e
tr
ou
t
sa
mp
le
s
co
nt
ai
ne
d
DD
T
in
ex
ce
ss
of
1.
0
ug
/g
.
Si
mi
la
rl
y,
al
l
sa
mp
le
s
of
bl
oa
te
r
ch
ub
s
co
nt
ai
ne
d
av
er
ag
e
DD
T
re
si
du
es
in
ex
ce
ss
of
1.
0
ug
/g
ex
ce
pt
fo
r
th
os
e
fr
om
Wh
it
ef
is
h
Po
in
t
(0
.8
7
ug
/g
).
0f
th
e
re
ma
in
in
g
sp
ec
ie
s
an
al
yz
ed
(b
ur
bo
t,
he
rr
in
g,
an
d
sl
im
y
sc
ul
pi
n)
,
on
ly
bu
rb
ot
sh
ow
ed
DD
T
re
si
du
es
ov
er
1.
0
ug/g-
Al
l
se
di
me
nt
sa
mp
le
s
fr
om
Bl
ac
k
Ba
y
co
nt
ai
ne
d
tr
ac
e
le
ve
ls
(1
.0
ug
/k
g)
of
DD
T,
DD
D,
an
d
DD
E.
La
ke
tr
Ou
t
fr
om
Bl
ac
k
Ba
y
ha
d
a
me
an
DD
T
co
nc
en
tr
at
io
n
of 0.940 ug/g.
Al
th
ou
gh
th
e
da
ta
su
gg
es
t
th
at
oc
ca
si
on
al
la
ke
tr
ou
t
fr
om
La
ke
Su
pe
ri
or
wi
ll
ex
ce
ed
th
e
fo
od
gu
id
el
in
e
of
5.
0
ug
/g
,
th
e
va
st
ma
jo
ri
ty
of
fi
sh
te
st
ed
ar
e
be
lo
w
th
e
U.
S.
FD
A
an
d
Ca
na
da
he
al
th
pr
ot
ec
ti
on
gu
id
el
in
es
fo
r
DD
T
in
fi
sh
.
Ho
we
ve
r,
se
ve
ra
l
sp
ec
ie
s
of
fi
sh
ex
ce
ed
th
e
pr
op
os
ed
Ag
re
em
en
t
ob
je
c-
ti
ve
of
1.
0
ug
/g
wh
ol
e
fi
sh
fo
r
th
e
pr
ot
ec
ti
on
of
fi
sh
an
d
wi
ld
li
fe
.
It
al
so
ap
pe
ar
s
th
at
av
er
ag
e
va
lu
es
of
DD
T
in
La
ke
Su
pe
ri
or
fi
sh
ha
ve
no
t
de
cl
in
ed
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#4.
  J¥¥i
fro
m t
hos
e l
eve
ls
pre
Vio
usl
y r
epo
rtE
d (
15,
17,
20)
.
The
oli
got
rop
hic
cha
rac
ter
-
iStiCs Of Lake superior and/0r Possible continued sources of DDT to the lake
are the only reasonable explanations for the failure of DDT residues to
decline. If continued sources of this compound are causing the residue
levels to remain high, then monitoring should be continued to locate and
possibly eliminate the contamination. Possibly the chemistry of the water
mass itself is responsible for the detection of isomers of DDT, particularly
DDE, in the system.
ALDRIN PLUS DIELDRIN
Aldrin is metabolically converted to dieldrin by aquatic organisms and by
direct oxidation. Dieldrin is considered to be as toxic or slightly more
toxic than aldrin to aquatic organisms. Further, it is highly persistent,
bioconcentratable, and a potential human carcinogen. Because of these charac-
teristics, the U.S. Environmental Protection Agency (EPA) suspended the
production and use of both aldrin and dieldrin in 1974. Dieldrin was first
reported as present in fishes of the Great Lakes in the late 1960's (20) and
routine evaluation of dieldrin levels in Lake Michigan fish since 1969 by the
U.S. Fish and Wildlife Service has shown no significant change in average
residue levels (21). Guidelines or criteria for maximum allowable concentra—
tions of aldrin and/or dieldrin in water and the aquatic biota are given in
Appendix C.
Concentrations of dieldrin in nearshore fish (fillets) ranged from none
detected to 0.12 ug/g. Of the results reported, approximately one third were as
none detected or only trace amounts of dieldrin.
In whole fish collected as part of the offshore program, dieldrin residues
ranged from 0.1 to 0.47 ug/g. The highest value (0.47 ug/g) occurred in
mature whole lake trout from the Apostle Islands region. However, fillets of
lake
trou
t fr
om t
he s
ame
area
cont
aine
d an
aver
age
of o
nly
0.21
ug/g
diel
drin
.
Simi
larl
y, w
hole
lake
trou
t fr
om B
atea
u Ro
ck c
onta
ined
0.32
ug/g
whil
e f
ille
ts
of l
ake
trou
t fr
om n
earb
y Is
le R
oyal
e co
ntai
ned
no d
etec
tabl
e di
eldr
in r
esid
ues.
The
se
lim
ite
d d
ata
sug
ges
t t
hat
die
ldr
in
can
be
exp
ect
ed
to
be
low
er
in
the
edi
ble
por
tio
n o
f t
he
fis
h t
han
in
who
le
fish
.
Nev
ert
hel
ess
, d
iel
dri
n r
esi
due
s
of
0.4
7 u
g/g
in
who
le
lak
e t
rou
t a
nd
0.2
1
ug/
g i
n l
ake
tro
ut
fil
let
s f
rom
the
Apos
tle
Isla
nd r
egio
n is
of c
once
rn s
ince
whol
e bl
oate
r ch
ubs
from
the
same
are
a c
ont
ain
ed
0.2
5 u
g/g
.
The
se
val
ues
wer
e
con
sid
era
bly
hig
her
tha
n t
hos
e
found at any of the other stations in the lake.
Re
in
er
t
(2
0)
re
po
rt
ed
di
el
dr
in
re
si
du
es
ra
ng
in
g
fr
om
0.
01
to
0.
05
ug
/g
in
a
va
ri
et
y
of
fi
sh
sp
ec
ie
s
(wh
ol
e
fis
h)
co
ll
ec
te
d
fr
om
La
ke
Su
pe
ri
or
in
19
67
—6
8.
An
al
ys
is
of
th
e
ed
ib
le
po
rt
io
ns
of
la
ke
tr
ou
t
fr
om
Th
un
de
r
Ba
y
sh
ow
ed
a
me
an
of
0.
04
4
ug
/g
;
Wh
it
ef
is
h
an
d
he
rr
in
g
co
nt
ai
ne
d
0.
02
5
ug
/g
an
d
0.
02
0
ug
/g
,
re
sp
ec
ti
ve
ly
.
Ad
di
ti
on
al
da
ta
ar
e
gi
ve
n
in
Ch
ap
te
r
4.
1.
Wh
il
e
di
el
dr
in
re
si
du
es
we
re
fo
un
d
to
ex
ce
ed
th
e
U.
S.
FD
A
gu
id
el
in
e
of
0-
3
U
g
/
g
i
n
e
d
i
b
l
e
p
o
r
t
i
o
n
s
of
fi
sh
,
el
ev
at
ed
le
ve
ls
of
di
el
dr
in
a
p
p
r
o
a
c
h
i
n
g
0.
3
Ug
/g
we
re
de
te
ct
ed
in
th
e
Ap
os
tl
e
Is
la
nd
s
re
gi
on
.
Be
ca
us
e
of
th
is
an
d
th
e
pe
rs
is
te
nc
e
of
th
is
co
mp
ou
nd
at
co
nc
en
tr
at
io
ns
eq
ua
l
to
or
gr
ea
te
r
th
an
421
   
 le
ve
ls
re
po
rt
ed
in
19
67
-6
8,
ad
di
ti
on
al
mo
ni
to
ri
ng
of
ti
ss
ue
bu
rd
en
s
is
ne
ed
ed
.
Th
e
ef
fe
ct
s
of
th
is
co
mp
ou
nd
on
th
e
ec
os
ys
te
m
ha
ve
no
t
be
en
as
se
ss
ed
an
d
should be studied.
HEXACHLOROBENZENE
He
xa
ch
lo
ro
be
nz
en
e
wa
s
fo
un
d
in
ne
ar
sh
or
e
an
d
of
fs
ho
re
fi
sh
in
th
e
co
nc
en
—
tr
at
io
n
ra
ng
e
of
0.
00
1—
0.
l
ug
/g
in
bo
th
Ca
na
di
an
an
d
U.
S.
wa
te
rs
(1
6,
22
).
An
al
ys
es
in
wa
te
r
an
d
ef
fl
ue
nt
s
we
re
no
t
pe
rf
or
me
d
or
we
re
re
po
rt
ed
as
le
ss
th
an
de
te
ct
io
n
li
mi
ts
de
pe
nd
in
g
up
on
th
e
me
th
od
ol
og
y
em
pl
oy
ed
.
No
sa
fe
le
ve
ls
ha
ve
be
en
es
ta
bl
is
he
d
in
wa
te
r
or
ti
ss
ue
fo
r
th
is
co
mp
ou
nd
;
ho
we
ve
r,
in
si
gn
if
ic
an
t
bi
oa
ct
iv
it
y
is
kn
ow
n.
Us
es
in
cl
ud
e
th
e
co
nv
er
si
on
to
pe
nt
ac
hl
or
op
he
no
l,
a
un
iv
er
sa
ll
y
ac
ce
pt
ed
wo
od
pr
es
er
va
ti
ve
,
as
a
fu
ng
ic
id
e,
an
d
in
th
e
ma
nu
fa
ct
ur
e
of
ru
bb
er
fo
r
ti
re
s
an
d
ot
he
r
ch
em
ic
al
s
(2
4)
.
Th
e
ec
ol
og
ic
al
si
gn
if
ic
an
ce
of
th
is
wi
de
sp
re
ad
no
n—
de
gr
ad
ab
le
co
mp
ou
nd
sh
ou
ld
be
de
te
rm
in
ed
.
Co
nc
en
tr
at
io
ns
in
ef
fl
ue
nt
s,
wa
te
r,
an
d
bi
ot
a
sh
ou
ld
be
mo
ni
to
re
d
to
de
te
rm
in
e
so
ur
ce
s
an
d
po
ss
ib
le
ef
fe
ct
s
on
aq
ua
ti
c
li
fe
.
Sa
fe
le
ve
ls
sh
ou
ld
be
es
ta
bl
is
he
d
in
fo
od
co
nt
ai
ni
ng
th
is
co
mp
ou
nd
,
si
nc
e
it
s
pr
e-
se
nc
e
is
no
w
kn
ow
n
bu
t
th
e
as
so
ci
at
ed
ha
za
rd
is
no
t.
LINDANE
Th
e
y—
is
om
er
of
li
nd
an
e
is
th
e
ac
ti
ve
co
mp
on
en
t
in
he
xa
ch
lo
ro
cy
cl
oh
ex
an
e.
Tr
ac
e
qu
an
ti
ti
es
ha
ve
be
en
fo
un
d
in
fi
sh
an
d
wa
te
r
bu
t
le
ve
ls
ar
e
we
ll
wi
th
in
the
pro
pos
ed
Agr
eem
ent
obj
ect
ive
of
0.3
ug/
g
in
edi
ble
por
tio
ns
of
fis
h
and
0.0
1 u
g/R
in
wat
er;
see
App
end
ix
C.
In
add
iti
on,
tra
ce
amo
unt
s
(up
to
0.0
05
ug/
k)
of
lin
dan
e w
ere
fou
nd
in
eve
ry
wat
er
sam
ple
exa
min
ed
(25
,26
).
U3
‘
Mat
ure
who
le
lak
e t
rou
t a
nd
chu
b f
rom
Cop
per
min
e B
ank
had
a m
ean
of
0.2
ug/
g a
nd
0.0
17
ug/
g,
res
pec
tiv
ely
(22)
.
Tro
ut
fro
m t
he
Apo
stl
e I
sla
nds
had
a
lev
el
of
0.0
5 u
g/g
for
mat
ure
who
le
fis
h c
omp
are
d t
o 0
.03
ug/
g i
n f
ill
ets
(22)
.
The
val
ues
rep
ort
ed
are
for
hex
ach
lor
ocy
clo
hex
ane
and
inc
lud
e Y
-
lin
dan
e.
For
nea
rsh
ore
fis
h,
lev
els
(16)
in
fis
h t
iss
ue
wer
e a
ll
wel
l w
ith
in
‘
the
pro
pos
ed
Agr
eem
ent
obj
ect
ive
; t
he
con
cen
tra
tio
n w
as
<0.
005
ug/
g i
n a
lmo
st
E
al
l
of
th
e
ne
ar
sh
or
e
fi
sh
sa
mp
le
d.
 
g:
‘
Beca
use
of t
he e
xtre
me p
ersi
sten
ce o
f th
is c
ompo
und
and
its
cont
inue
d
ggf
jé
use,
moni
torn
g co
ncen
trat
ions
in f
ish
and
fish
-con
sumi
ng a
nima
ls
is n
eede
d.
fit.
The
ecol
ogic
al e
ffec
ts o
f li
ndan
e ar
e un
stud
ied
in L
ake
Supe
rior
and
effo
rt
should be made to determine the significance of widespread observations of
trace levels.
CHLORDANE
Technical grade chlordane is a mixture of different compounds of which
_g.
i
:
th
e
a—
an
d
Y—
is
om
er
s
re
pr
es
en
t
NZ
OZ
eac
h.
Th
eS
e
tw
o
is
om
er
s,
bo
th
pe
rs
is
te
nt
,
3,1:
v
are
repo
rted
freq
uent
ly a
s "c
hlor
dane
," e
ithe
r se
para
tely
or c
olle
ctiv
ely,
in
"
‘
env
iro
nme
nta
l s
amp
les
tog
eth
er
wit
h s
mal
ler
amo
unt
s o
f n
ona
chl
or
iso
mer
s a
nd
the
met
abo
lit
e o
xyc
hlo
rda
ne.
The
use
of
thi
s p
rep
ara
tio
n i
s n
ow
sus
pen
ded
in
the
Uni
ted
Sta
tes
alt
hou
gh
it
is
per
mit
ted
for
lim
ite
d a
gri
cul
tur
al
use
in
Canada.
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Movement from soil into aquatic ecosystems by surface runoff or ground
wat
er
has
bee
n a
ffi
rme
d (
28,
29)
; t
hes
e s
ubs
tan
ces
may
als
o e
nte
r t
he
aqu
ati
c
ecos
yste
m in
prec
ipit
atio
n,
a pa
thwa
y ob
serv
ed f
or o
ther
orga
noch
lori
nes
(10)
.
Nearshore data for Whitefish, lake trout, and herring from Ontario
wate
rs
(14)
were
spar
se,
the
weig
hted
mean
bein
g 8.
5 ug
/kg
in e
dibl
e po
rtio
ns
on a
wet
weig
ht b
asis
.
Nipi
gon
Bay
lake
trou
t we
re o
bser
ved
to h
ave
high
er
leve
ls
(15.
5 ug
/kg)
as w
ere
herr
ing
(11.
9 ug
/kg)
.
In a
ddit
ion,
slim
y sc
ulpi
ns
in T
hund
er B
ay w
ere
foun
d to
cont
ain
14.6
ug/k
g, b
ut t
his
is n
ot d
irec
tly
com
par
abl
e w
ith
oth
er
val
ues
sin
ce
the
y w
ere
don
e o
n a
who
le
fis
h b
asi
s,
and
rep
lic
ati
on
of
sam
ple
s i
ndi
cat
ed
a l
arg
er
var
iat
ion
in
lev
els
.
Sam
ple
s o
f o
ffs
hor
e f
ish
(22)
wer
e o
bta
ine
d i
n t
he
vic
ini
ty
of
the
Apo
stl
e I
sla
nds
and
Cop
per
min
e P
oin
t B
ank
.
The
re
wer
e n
o s
ign
ifi
can
t d
iff
er-
enc
es
bet
wee
n a
nal
yze
d l
eve
ls
obs
erv
ed
in
bur
bot
(0.
18
ug/
g)
and
blo
ate
r c
hub
s
(0.
21
ug/
g)
fro
m t
he
two
are
as.
The
lev
els
wer
e s
ome
wha
t h
igh
er
(0.
54
ug/
g)
for
lak
e t
rou
t t
ake
n i
n t
he
Apo
stl
e I
sla
nds
are
a a
nd
low
er
(0.
06
ug/
g)
for
sl
im
y
sc
ul
pi
n
fr
om
th
e
sa
me
pl
ac
e.
The
obs
erv
ed
lev
els
are
of
con
cer
n;
sou
rce
s
mus
t b
e
ide
nti
fie
d.
METHOXYCHLOR
Me
th
ox
yc
hl
or
is
us
ed
fo
r
th
e
co
nt
ro
l
of
ag
ri
cu
lt
ur
al
pe
st
s
an
d
of
bi
ti
ng
in
se
ct
s.
Th
is
co
mp
ou
nd
ma
y
be
lo
st
to
th
e
en
vi
ro
nm
en
t
by
vo
la
ti
li
za
ti
on
;
it
do
es
no
t
re
ad
il
y
le
ac
h
fr
om
so
il
s
(30
).
Th
e
pr
op
os
ed
Ag
re
em
en
t
ob
je
ct
iv
e
is
0.
04
0
ug
/£
fo
r
th
e
pr
ot
ec
ti
on
of
aq
ua
ti
c
li
fe
.
Th
is
le
ve
l
ha
s
no
t
be
en
ac
hi
ev
ed
in
La
ke
Su
pe
ri
or
po
ss
ib
ly
as
a
re
su
lt
of
de
gr
ad
at
io
n
to
le
ss
pe
rs
is
—
te
nt
me
ta
bo
li
te
s
an
d
lo
ss
to
th
e
se
di
me
nt
s.
Me
th
ox
yc
hl
or
ha
s
be
en
lo
ok
ed
fo
r
(25
)
bu
t
no
t
fo
un
d
in
an
y
of
th
e
wa
te
r,
se
st
on
,
or
se
di
me
nt
sa
mp
le
s
(q
ua
nt
if
i—
ca
ti
on
li
mi
ts
0.
01
ug
/R
,
ml
mg
/k
g,
an
d
0.
01
mg
/k
g,
re
sp
ec
ti
ve
ly
)
in
La
ke
Su
pe
ri
or
.
Ex
am
in
at
io
n
of
fi
sh
sa
mp
le
s
(f
il
le
t
po
rt
io
ns
)
of
th
e
Up
pe
r
La
ke
s
ha
s
be
en
ma
de
fo
r
me
th
ox
yc
hl
or
(3
3)
,
bu
t
it
wa
s
no
t
de
te
ct
ed
at
le
ve
ls
ab
ov
e
2
ug
/k
g.
It
is
,
th
er
ef
or
e,
no
t
co
ns
id
er
ed
to
be
a
pr
ob
le
m
in
th
is
ar
ea
.
In
of
fs
ho
re
fi
sh
of
bo
th
la
ke
s,
<0
.0
5
mg
/k
g
wa
s
fo
un
d
in
al
l
sa
mp
le
s
(w
ho
le
fish).
Co
nt
in
ue
d
mo
ni
to
ri
ng
in
wa
te
r
an
d
fi
sh
ar
e
ne
ed
ed
as
us
ag
e
of
th
is
ma
te
ri
al
in
cr
ea
se
s,
es
pe
ci
al
ly
in
hi
gh
ap
pl
ic
at
io
n
ar
ea
s.
PO
LY
NU
CL
EA
R
AR
OM
AT
IC
HY
DR
OC
AR
BO
NS
Th
e
po
ly
nu
cl
ea
r
ar
om
at
ic
hy
dr
oc
ar
bo
ns
na
pt
ha
le
ne
,
me
th
yl
na
pt
ha
le
ne
,
ph
en
an
th
re
ne
,
an
d
me
th
yl
ph
en
an
th
re
ne
ha
ve
be
en
fo
un
d
in
th
e
ap
pr
ox
im
at
e
ra
ng
e
of
0.
01
-0
.5
ug
/g
,
to
ta
l,
in
of
fs
ho
re
fi
sh
sa
mp
le
s
fr
om
bo
th
U.
S.
an
d
Ca
na
di
an
sa
mp
li
ng
st
at
io
ns
(2
2)
.
Po
ly
nu
cl
ea
r
ar
om
at
ic
hy
dr
oc
ar
bo
ns
ar
e
kn
ow
n
to
be
of
te
n
pr
es
en
t
in
in
du
st
ri
al
ef
fl
ue
nt
s
co
nt
ai
ni
ng
oi
l
an
d
gr
ea
se
.
La
rg
e
lo
ad
in
gs
of
bo
th
oi
l
an
d
gr
ea
se
to
wa
te
r
ha
ve
be
en
co
mp
ut
ed
as
a
re
su
lt
of
ma
n'
s
ac
ti
vi
-
ti
es
(1
8,
19
),
an
d
th
es
e
co
mp
ou
nd
s
ha
ve
be
en
id
en
ti
fi
ed
in
ef
fl
ue
nt
s
fr
om
pe
tr
ol
eu
m
re
fi
ni
ng
,
co
al
pr
oc
es
si
ng
,
an
d
co
ke
ma
nu
fa
ct
ur
e
(2
4)
.
Th
es
e
co
mp
ou
nd
s
ma
y
be
ex
pe
ct
ed
to
be
ac
co
mp
an
ie
d
by
ot
he
r,
aromatic hydrocarbons.
ev
en
le
ss
de
si
ra
bl
e
po
ly
nu
cl
ea
r
  
  
N
o
s
a
f
e
l
e
v
e
l
s
f
o
r
t
h
e
s
e
c
o
m
p
o
u
n
d
s
h
a
v
e
b
e
e
n
d
e
t
e
r
m
i
n
e
d
i
n
f
i
s
h
t
i
s
s
u
e
b
u
t
m
a
x
i
m
u
m
l
e
v
e
l
s
f
o
r
t
h
e
p
r
o
t
e
c
t
i
o
n
o
f
a
q
u
a
t
i
c
l
i
f
e
a
r
e
0
.
0
1
m
g
/
£
t
o
t
a
l
h
y
d
r
o
c
a
r
b
o
n
s
a
n
d
f
o
r
d
o
m
e
s
t
i
c
w
a
t
e
r
s
u
p
p
l
y
t
o
b
e
"
v
i
r
t
u
a
l
l
y
f
r
e
e
"
f
r
o
m
o
i
l
a
n
d
g
r
e
a
s
e
.
I
n
a
d
d
i
t
i
o
n
,
p
o
l
y
n
u
c
l
e
a
r
a
r
o
m
a
t
i
c
h
y
d
r
o
c
a
r
b
o
n
s
h
a
v
e
b
e
e
n
d
e
m
o
n
s
t
r
a
t
e
d
a
s
c
a
r
c
e
n
o
g
e
n
i
c
i
n
t
e
s
t
a
n
i
m
a
l
s
a
t
r
e
l
a
t
i
v
e
l
y
h
i
g
h
e
x
p
o
s
u
r
e
l
e
v
e
l
s
.
T
h
i
s
c
l
a
s
s
o
f
c
o
m
p
o
u
n
d
s
s
h
o
u
l
d
b
e
m
e
a
s
u
r
e
d
i
n
e
f
f
l
u
e
n
t
s
a
n
d
a
q
u
a
t
i
c
b
i
o
t
a
t
o
d
e
t
e
r
m
i
n
e
s
o
u
r
c
e
s
,
a
n
d
p
o
s
s
i
b
l
e
e
f
f
e
c
t
s
o
n
f
i
s
h
-
c
o
n
s
u
m
i
n
g
a
n
i
m
a
l
s
,
i
n
c
l
u
d
—
i
n
g
m
a
n
,
s
h
o
u
l
d
b
e
i
n
v
e
s
t
i
g
a
t
e
d
.
S
i
n
c
e
t
h
e
i
r
p
r
e
s
e
n
c
e
h
a
s
n
o
w
b
e
e
n
d
i
s
c
o
v
e
r
e
d
i
n
f
o
o
d
,
s
a
f
e
l
e
v
e
l
s
s
h
o
u
l
d
b
e
e
s
t
a
b
l
i
s
h
e
d
f
o
r
h
u
m
a
n
c
o
n
s
u
m
p
t
i
o
n
.
C
H
L
O
R
O
B
E
N
Z
E
N
E
C
O
M
P
O
U
N
D
S
T
r
i
—
,
t
e
t
r
a
-
,
a
n
d
p
e
n
t
a
c
h
l
o
r
o
b
e
n
z
e
n
e
w
e
r
e
f
o
u
n
d
i
n
o
f
f
s
h
o
r
e
f
i
s
h
f
r
o
m
O
n
t
a
r
i
o
(2
2)
i
n
t
o
t
a
l
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
N
o
.
0
1
t
o
0
.
5
u
g
/
g
.
N
o
s
a
f
e
l
e
v
e
l
s
h
a
v
e
b
e
e
n
e
s
t
a
b
l
i
s
h
e
d
in
w
a
t
e
r
or
f
o
o
d
f
o
r
c
h
l
o
r
o
b
e
n
z
e
n
e
s
.
T
h
e
i
r
u
s
e
s
i
n
c
l
u
d
e
s
o
l
v
e
n
t
s
f
o
r
h
i
g
h
—
m
e
l
t
i
n
g
c
h
e
m
i
c
a
l
s
s
u
c
h
a
s
d
y
e
s
a
n
d
i
n
s
e
c
t
i
c
i
d
e
s
(
t
e
r
m
i
t
e
p
r
e
p
a
r
a
t
i
o
n
s
)
a
n
d
a
s
l
u
b
r
i
c
a
n
t
s
a
n
d
h
e
a
t
t
r
a
n
s
f
e
r
m
e
d
i
a
(
2
4
)
.
T
h
e
s
e
c
o
m
p
o
u
n
d
s
a
r
e
v
e
r
y
p
e
r
s
i
s
t
e
n
t
a
n
d
in
V
i
e
w
o
f
t
h
e
i
r
w
i
d
e
s
p
r
e
a
d
u
s
e
a
n
d
r
e
s
u
l
t
i
n
g
f
i
s
h
c
o
n
t
a
m
i
n
a
t
i
o
n
,
t
h
e
y
s
h
o
u
l
d
b
e
m
o
n
i
t
o
r
e
d
t
o
d
e
t
e
r
m
i
n
e
s
o
ur
c
e
s
an
d
p
o
s
s
i
b
l
e
e
f
f
e
c
t
s
on
a
q
ua
t
i
c
li
fe
an
d
c
o
n
s
um
e
r
s
of
a
q
u
a
t
i
c
li
fe
,
i
n
c
l
u
d
i
n
g
ma
n.
Si
nc
e
th
ey
h
a
ve
b
e
e
n
d
e
t
e
c
t
e
d
in
fo
od
,
s
a
f
e
l
e
ve
l
s
s
h
O
u
l
d
b
e
e
s
t
a
b
l
i
s
h
e
d
f
o
r
h
u
m
a
n
c
o
n
s
u
m
p
t
i
o
n
.
PHENOLS
Ph
en
ol
an
d
ot
he
r
co
mp
ou
nd
s
th
at
ca
n
ca
us
e
ta
st
e
an
d
od
ou
r
pr
ob
le
ms
ha
ve
be
en
me
as
ur
ed
in
ma
ny
ef
fl
ue
nt
s
di
sc
ha
rg
in
g
to
th
e
la
ke
an
d
ha
ve
be
en
fo
un
d
at
le
ve
ls
ex
ce
ed
in
g
wa
te
r
qu
al
it
y
cr
it
er
ia
pa
rt
ic
ul
ar
ly
at
Pe
ni
ns
ul
a
Ha
rb
or
an
d
ne
ar
sh
or
e
ar
ea
s
ad
ja
ce
nt
to
Ma
ra
th
on
(3
5)
,
Ni
pi
go
n
Ba
y
(3
6)
,
Ja
ck
fi
sh
Ba
y
(3
7)
,
Th
un
de
r
Ba
y,
an
d
Du
lu
th
-S
up
er
io
r
Ha
rb
or
.
Th
e
pr
op
os
ed
Ag
re
em
en
t
ob
je
c-
ti
ve
an
d
th
e
wa
te
r
qu
al
it
y
cr
it
er
ia
ar
e
0.
00
1
ug
/2
to
pr
ot
ec
t
do
me
st
ic
wa
te
r
Su
pp
li
es
an
d
to
mi
ni
mi
ze
fi
sh
ta
in
ti
ng
;
se
e
Ap
pe
nd
ix
C.
Ph
en
ol
s
ar
e
bi
od
eg
ra
da
bl
e;
ho
we
ve
r,
if
th
ey
ar
e
pr
es
en
t
in
wa
te
r
du
ri
ng
di
si
nf
ec
ti
on
or
bl
ea
ch
in
g
pr
oc
es
se
s,
th
ey
ma
y
fo
rm
po
ly
ch
lo
ri
na
te
d
co
mp
ou
nd
s
(8
).
Th
es
e
co
mp
ou
nd
s
ar
e
mu
ch
le
ss
de
gr
ad
ab
le
,
ar
e
to
xi
c
to
ba
ct
er
ia
an
d
ot
he
r
aq
ua
ti
c
li
fe
,
ha
ve
gr
ea
te
r
po
te
nt
ia
l
fo
r
bi
oa
cc
um
ul
at
io
n
(9
),
an
d
ar
e
mo
re
ob
je
ct
io
na
bl
e
in
ta
st
e
an
d
od
ou
r
pr
od
uc
ti
on
.
Th
e
po
ly
ch
lo
ri
na
te
d
co
mp
ou
nd
s
ma
y
fo
rm
ch
lo
ro
an
is
ol
es
du
e
to
me
th
yl
at
in
g
ac
ti
on
of
so
me
ba
ct
er
ia
;
th
es
e
co
mp
ou
nd
s
ar
e
de
te
ct
ab
le
in
wa
te
r
an
d
fi
sh
fl
es
h
at
ve
ry
lo
w
le
ve
ls
(3
9)
.
Pr
op
er
tr
ea
tm
en
t
of
wa
st
es
co
nt
ai
ni
ng
th
es
e
co
mp
ou
nd
s
be
fo
re
ch
lo
ri
na
ti
on
wi
ll
el
im
in
at
e
bo
th
ta
st
e
an
d
od
ou
r
pr
ob
le
ms
in
do
me
st
ic
wa
te
r
su
pp
li
es
an
d
fi
sh
ta
in
ti
ng
pr
ob
le
ms
.
Bl
ea
ch
in
g
pr
oc
es
se
s
us
in
g
ch
lo
ri
ne
po
se
a
sp
ec
ia
l
pr
ob
le
m.
Mo
ni
to
ri
ng
of
ef
fl
ue
nt
s
fo
r
th
e
po
ly
ch
lo
ri
na
te
d
ph
en
ol
s
an
d
re
la
te
d
co
mp
ou
nd
s
sh
ou
ld
be
do
ne
ro
ut
in
el
y.
In
vi
ew
of
th
e
ma
gn
it
ud
e
of
th
e
wa
st
es
wh
ic
h
co
nt
ai
n
ph
en
ol
s,
an
al
ys
is
of
th
es
e
co
mp
ou
nd
s
an
d
th
ei
r
ch
lo
ri
na
te
d
de
ri
va
ti
ve
s
in
fi
sh
fl
es
h
sh
ou
ld
be
un
de
rt
ak
en
to
de
te
rm
in
e
th
e
ex
te
nt
to
wh
ic
h
th
e
bi
ot
a
ma
y
be
co
nt
am
in
at
ed
.
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PH
T
H
A
L
A
T
E
E
S
T
E
R
S
Ph
th
al
at
e
es
te
rs
ar
e
ex
te
ns
iv
el
y
em
pl
oy
ed
as
pl
as
ti
ci
ze
rs
in
pl
as
ti
cs
ma
nu
fa
ct
ur
in
g
an
d
pr
oc
es
si
ng
.
Re
ce
nt
ly
,
ph
th
al
at
es
ha
ve
be
en
de
te
ct
ed
in
ma
ny
in
du
st
ri
al
an
d
mu
ni
ci
pa
l
di
sc
ha
rg
es
in
th
e
Gr
ea
t
La
ke
s
(40
)
ar
ea
ra
ng
in
g
as
hi
gh
as
1.
2
ug
/R
.
Ph
th
al
at
es
ha
ve
be
en
de
te
ct
ed
in
se
tt
le
ab
le
so
li
ds
at
le
ve
ls
as
hi
gh
as
75
ug
/g
(d
ry
we
ig
ht
).
It
is
li
ke
ly
th
at
th
es
e
va
lu
es
re
pr
es
en
t
a
mi
ni
mu
m
le
ve
l
(e
xc
lu
di
ng
co
nt
am
in
at
io
n)
si
nc
e
th
ey
ca
n
oc
cu
r
as
f
co
nj
ug
at
es
(4
1)
wh
ic
h
ar
e
no
t
li
ke
ly
to
be
ex
tr
ac
te
d
by
no
rm
al
an
al
yt
ic
al
3
te
ch
ni
qu
es
.
Th
es
e
es
te
rs
ma
y
be
re
ad
il
y
el
im
in
at
ed
on
ex
po
su
re
to
cl
ea
n
wa
te
rs
f
(41
).
Ch
ro
ni
c
to
xi
ci
ty
co
ns
id
er
at
io
ns
(1)
re
su
lt
ed
in
pr
op
os
ed
Ag
re
em
en
t
‘
ob
je
ct
iv
es
of
4.
0
ug
/l
fo
r
di
bu
ty
l
ph
th
al
at
e,
0.
6
ug
/£
fo
r
di
(2
—e
th
yl
he
xy
l)
ph
th
al
at
e,
an
d
0.
2
ug
/l
fo
r
ot
he
r
ph
th
al
at
e
es
te
rs
for
th
e
pr
ot
ec
ti
on
of
aq
ua
ti
c
li
fe
;
9
th
es
e
le
ve
ls
ar
e
on
ly
sl
ig
ht
ly
ab
ov
e
th
e
an
al
yt
ic
al
ca
pa
bi
li
ti
es
of
mo
ni
to
ri
ng
;
laboratories.
Ph
th
al
at
es
ar
e
no
te
d
(1)
in
ne
ar
sh
or
e
an
d
of
fs
ho
re
wa
te
rs
of
th
e
Up
pe
r
La
ke
s.
In
Mi
nn
es
ot
a
ne
ar
sh
or
e
wa
te
rs
,
di
et
hy
l
ph
th
al
at
e
wa
s
me
as
ur
ed
in
wh
it
ef
is
h,
sk
in
le
ss
fi
ll
et
s
of
si
sc
ow
et
la
ke
tr
ou
t,
an
d
sk
in
le
ss
fi
ll
et
s
of
br
oo
k
tr
ou
t
at
2.
4,
1.
3,
an
d
0.
1
mg
/k
g,
re
sp
ec
ti
ve
ly
.
Di
bu
ty
l
ph
th
al
at
es
we
re
fo
un
d
in
ra
in
bo
w
tr
ou
t
(5
.4
mg
/k
g)
an
d
lo
ng
—n
os
e
su
ck
er
s
(8
.1
mg
/k
g)
.
Th
e
hi
gh
es
t
le
ve
l
of
di
et
hy
lh
ex
yl
ph
th
al
at
e
wa
s
ob
se
rv
ed
in
sk
in
le
ss
fi
ll
et
s
of
Wh
it
ef
is
h
(2
.2
mg
/k
g)
.
Ph
th
al
at
es
ar
e
ac
cu
mu
la
ti
ng
in
Gr
ea
t
La
ke
s
fi
sh
,
no
ta
bl
y
La
ke
Su
pe
ri
or
fi
sh
wh
er
e
le
ve
ls
ar
e
in
th
e
ra
ng
e
of
5—
10
mg
/k
g
an
d
18
—2
0
mg
/k
g
in
se
le
ct
ed
ti
ss
ue
s
(4
2)
.
Se
e
Ch
ap
te
r
4.
1
fo
r
ad
di
ti
on
al
di
sc
us
si
on
.
Si
nc
e
ph
th
al
at
es
ca
nn
ot
as
ye
t
be
as
so
ci
at
ed
wi
th
de
le
te
ri
ou
s
ef
fe
ct
s,
th
ey
ar
e
no
t
co
ns
id
er
ed
to
be
a
ma
jo
r
pr
ob
le
m.
Th
ey
sh
ou
ld
,
ho
we
ve
r,
be
mo
ni
to
re
d
in
wa
te
rs
re
ce
iv
in
g
mu
ni
ci
pa
l
an
d
in
du
st
ri
al
di
sc
ha
rg
es
un
ti
l
su
ch
ti
me
as
fe
ed
in
g
ex
pe
ri
me
nt
s
ca
n
es
ta
bl
is
h
no
-e
ff
ec
t
le
ve
ls
.
CHLORONORBORNENE
Ch
lo
ro
no
rb
or
ne
ne
an
d
re
la
te
d
co
mp
ou
nd
s
si
mi
la
r
to
th
os
e
in
to
xa
ph
en
e
we
re
id
en
ti
fi
ed
in
op
en
la
ke
fi
sh
sa
mp
le
s
fr
om
bo
th
U.
S.
an
d
Ca
na
di
an
sa
mp
li
ng
st
at
io
ns
at
co
nc
en
tr
at
io
n
le
ve
ls
in
th
e
ap
pr
ox
im
at
e
ra
ng
e
0.
1-
1.
0
ug
/g
(2
2)
.
Th
e
pr
es
en
ce
of
Si
mi
la
r
co
mp
ou
nd
s
ha
s
be
en
es
ta
bl
is
he
d
in
wa
te
r
ad
ja
ce
nt
to
an
d
d
o
w
n
s
t
r
e
a
m
of
a
k
r
a
f
t
pu
lp
m
i
l
l
ef
fl
ue
nt
(3
8)
.
N
o
s
a
f
e
l
e
ve
l
s
h
a
ve
b
e
e
n
d
e
t
e
r
m
i
n
e
d
in
fo
od
or
fo
r
f
i
s
h
—c
o
n
s
um
i
n
g
an
im
al
s.
B
e
c
a
us
e
of
th
e
o
b
s
e
r
v
e
d
le
ve
ls
in
op
en
la
ke
fi
sh
an
d
th
e
fa
ct
th
at
d
i
r
e
c
t
so
ur
ce
s
of
t
h
e
s
e
c
o
m
p
o
un
d
s
ar
e
at
th
is
ti
me
un
de
te
rm
in
ed
,
m
o
n
i
t
o
r
i
n
g
of
th
es
e
c
o
m
p
o
u
n
d
s
i
n
e
f
f
l
u
e
n
t
s
a
n
d
a
q
u
a
t
i
c
l
i
f
e
i
s
r
e
c
o
m
m
e
n
d
e
d
.
OCTACHLOROSTYRENE
O
c
t
a
c
h
l
o
r
o
s
t
y
r
e
n
e
w
a
s
f
o
u
n
d
i
n
f
i
s
h
f
r
o
m
L
a
k
e
s
H
u
r
o
n
,
O
n
t
a
r
i
o
,
a
n
d
-3
h
M
i
c
h
i
g
a
n
(2
2,
34
).
Th
is
c
o
m
p
o
un
d
ha
s
no
t
b
e
e
n
fo
un
d
in
La
ke
S
up
e
r
i
o
r
fi
sh
‘H
n
d
a
n
a
l
y
s
e
s
w
e
r
e
n
o
t
m
a
d
e
fo
r
th
is
c
o
m
p
o
u
n
d
n
e
a
r
s
h
o
r
e
f
i
s
h
.
"
T
ﬁ
,
 
from open waters a
N
o
s
a
f
e
l
e
v
e
l
h
a
s
b
e
e
n
e
s
t
a
b
l
i
s
h
e
d
f
o
r
t
h
e
c
o
m
p
o
u
n
d
.
T
h
e
o
n
l
y
p
r
e
v
i
o
u
s
1
_
;
r
e
p
o
r
t
s
o
f
t
h
e
c
o
n
t
a
m
i
n
a
n
t
c
o
m
e
f
r
o
m
E
u
r
o
p
e
(
3
2
)
.
S
c
u
r
c
e
s
o
f
t
h
i
s
c
o
m
p
o
u
n
d
1
a
r
e
n
o
t
g
e
n
e
r
a
l
l
y
k
n
o
w
n
b
u
t
i
t
i
s
a
s
u
s
p
e
c
t
e
d
b
y
-
p
r
o
d
u
c
t
i
n
t
h
e
m
a
n
u
f
a
c
t
u
r
e
1
0
f
p
e
r
c
h
l
o
r
i
n
a
t
e
d
s
o
l
v
e
n
t
s
(
3
4
)
.
§
a
I
g
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 d
a
b
i
l
i
t
y
t
o
b
i
o
a
c
c
u
m
u
l
a
t
e
,
t
h
i
s
c
o
m
p
o
u
n
d
s
h
o
u
l
d
b
e
s
t
u
d
i
e
d
t
o
d
e
t
e
r
m
i
n
e
i
f
t
h
e
r
e
a
r
e
s
o
u
r
c
e
s
t
o
L
a
k
e
S
u
p
e
r
i
o
r
a
n
d
p
o
s
s
i
b
l
e
e
f
f
e
c
t
s
o
n
t
h
e
b
i
o
t
a
.
C
o
n
s
i
d
e
r
a
t
i
o
n
s
h
o
u
l
d
b
e
g
i
v
e
n
t
o
e
s
t
a
b
l
i
s
h
—
i
n
g
c
r
i
t
e
r
i
a
f
o
r
f
o
o
d
p
r
o
d
u
c
t
s
.
B
e
c
a
u
s
e
o
f
i
t
s
a
p
p
a
r
e
n
t
i
n
e
r
t
n
e
s
s
a
n
M
E
T
H
Y
L
B
E
N
Z
O
T
H
l
O
P
H
E
N
E
M
e
t
h
y
l
b
e
n
z
o
t
h
i
o
p
h
e
n
e
h
a
s
b
e
e
n
f
o
u
n
d
i
n
f
i
s
h
f
r
o
m
t
h
e
o
p
e
n
w
a
t
e
r
s
o
f
L
a
k
e
H
u
r
o
n
b
u
t
n
o
t
i
n
L
a
k
e
S
u
p
e
r
i
o
r
f
i
s
h
.
N
o
s
a
f
e
l
e
v
e
l
s
h
a
v
e
b
e
e
n
e
s
t
a
b
l
i
s
h
e
d
f
o
r
t
h
e
c
o
m
p
o
u
n
d
i
n
f
i
s
h
o
r
w
a
t
e
r
.
B
e
n
z
o
t
h
i
o
p
h
e
n
e
i
s
a
c
o
n
t
a
m
i
n
a
n
t
i
n
c
o
a
l
p
r
o
d
u
c
t
s
a
n
d
w
i
l
l
l
e
a
c
h
f
r
o
m
c
o
a
l
p
r
o
c
e
s
s
i
n
g
r
e
s
i
d
u
e
(
2
4
)
.
S
o
u
r
c
e
s
a
n
d
b
i
o
a
c
t
i
v
i
t
y
o
f
t
h
i
s
c
o
m
p
o
u
n
d
s
h
o
u
l
d
b
e
i
n
v
e
s
t
i
g
a
t
e
d
a
s
i
t
i
s
a
p
r
o
b
a
b
l
e
f
u
t
u
r
e
c
a
n
d
i
d
a
t
e
f
o
r
c
o
n
t
a
m
i
n
a
t
i
o
n
o
f
L
a
k
e
S
u
p
e
r
i
o
r
b
i
o
t
a
.
BIPHENYL
B
i
p
h
e
n
y
l
w
a
s
n
o
t
f
o
u
n
d
i
n
L
a
k
e
S
u
p
e
r
i
o
r
f
i
s
h
b
u
t
w
a
s
f
o
u
n
d
i
n
o
f
f
s
h
o
r
e
f
i
s
h
f
r
o
m
G
o
d
e
r
i
c
h
,
O
n
t
a
r
i
o
a
n
d
i
s
k
n
o
w
n
t
o
b
e
o
f
t
e
n
p
r
e
s
e
n
t
i
n
i
n
d
u
s
t
r
i
a
l
e
f
f
l
u
e
n
t
s
c
o
n
t
a
i
n
i
n
g
o
i
l
a
n
d
g
r
e
a
s
e
.
L
a
r
g
e
l
o
a
d
i
n
g
s
o
f
b
o
t
h
o
i
l
a
n
d
g
r
e
a
s
e
t
o
w
a
t
e
r
h
a
v
e
b
e
e
n
c
o
m
p
u
t
e
d
a
s
a
r
e
s
u
l
t
o
f
m
a
n
'
s
a
c
t
i
v
i
t
i
e
s
(
1
8
,
1
9
)
,
a
n
d
t
h
i
s
c
o
m
p
o
u
n
d
h
a
s
b
e
e
n
i
d
e
n
t
i
f
i
e
d
i
n
e
f
f
l
u
e
n
t
s
f
r
o
m
p
e
t
r
o
l
e
u
m
r
e
f
i
n
i
n
g
,
c
o
a
l
p
r
o
c
e
s
s
i
n
g
,
a
n
d
c
o
k
e
m
a
n
u
f
a
c
t
u
r
e
(
2
4
)
.
B
i
p
h
e
n
y
l
m
i
x
t
u
r
e
s
m
a
y
b
e
e
x
p
e
c
t
e
d
t
o
b
e
a
c
c
o
m
p
a
n
i
e
d
b
y
o
t
h
e
r
,
e
v
e
n
l
e
s
s
d
e
s
i
r
a
b
l
e
p
o
l
y
n
u
c
l
e
a
r
a
r
o
m
a
t
i
c
h
y
d
r
o
c
a
r
b
o
n
s
.
N
o
s
a
f
e
l
e
v
e
l
s
o
f
t
h
e
s
e
c
o
m
p
o
u
n
d
s
h
a
v
e
b
e
e
n
d
e
t
e
r
m
i
n
e
d
i
n
f
i
s
h
t
i
s
s
u
e
b
u
t
c
r
i
t
e
r
i
a
f
o
r
t
h
e
p
r
o
t
e
c
t
i
o
n
o
f
a
q
u
a
t
i
c
l
i
f
e
a
r
e
0
.
0
1
m
g
/
l
t
o
t
a
l
h
y
d
r
o
c
a
r
b
o
n
s
.
C
r
i
t
e
r
i
a
f
o
r
d
o
m
e
s
t
i
c
w
a
t
e
r
s
u
p
p
l
y
i
n
d
i
c
a
t
e
t
h
a
t
t
h
e
w
a
t
e
r
s
u
p
p
l
y
s
h
o
u
l
db
e
"
v
i
r
t
u
a
l
l
y
f
r
e
e
"
f
r
o
m
o
i
l
a
n
d
g
r
e
a
s
e
.
B
i
p
h
e
n
y
l
i
s
u
s
e
d
a
s
a
d
y
e
c
a
r
r
i
e
r
i
n
t
h
e
t
e
x
t
i
l
e
i
n
d
u
s
t
r
y
a
n
d
m
a
y
b
e
p
r
e
s
e
n
t
f
r
o
m
o
i
l
r
e
f
i
n
i
n
g
o
r
c
o
a
l
p
r
o
c
e
s
s
i
n
g
.
P
o
s
s
i
b
l
e
o
c
c
u
r
r
e
n
c
e
i
n
c
h
l
o
r
i
n
-
a
t
e
d
w
a
t
e
r
s
u
p
p
l
i
e
s
o
r
m
u
n
i
c
i
p
a
l
w
a
s
t
e
s
c
o
u
l
d
r
e
s
u
l
t
i
n
t
h
e
f
o
r
m
a
t
i
o
n
o
f
c
h
l
o
r
o
b
i
p
h
e
n
y
l
a
s
a
r
e
s
u
l
t
o
f
d
i
s
i
n
f
e
c
t
i
o
n
(8
).
B
i
p
h
e
n
y
l
s
h
o
u
l
d
b
e
m
e
a
s
u
r
e
d
i
n
e
f
f
l
u
e
n
t
s
a
n
d
a
q
u
a
t
i
c
b
i
o
t
a
t
o
d
e
t
e
r
m
i
n
e
s
o
u
r
c
e
s
,
a
n
d
p
o
s
s
i
b
l
e
e
f
f
e
c
t
s
o
n
f
i
s
h
-
c
o
n
s
u
m
i
n
g
a
n
i
m
a
l
s
,
i
n
c
l
u
d
i
n
g
m
a
n
,
s
h
o
u
l
d
b
e
i
n
v
e
s
t
i
g
a
t
e
d
.
ENDOSULFAN
En
do
su
lf
an
is
em
pl
oy
ed
ex
te
ns
iv
el
y
as
an
ag
ri
cu
lt
ur
al
pe
st
ic
id
e
an
d
it
ma
y
be
pr
es
en
t
in
ag
ri
cu
lt
ur
al
ru
no
ff
fo
r
sh
or
t
pe
ri
od
s
(1
—2
we
ek
s)
af
te
r
a
p
p
l
i
c
a
t
i
o
n
(3
1)
.
In
a
d
d
i
t
i
o
n
to
ru
no
ff
,
it
is
p
o
s
s
i
b
l
e
th
at
a
e
r
i
a
l
d
e
p
o
s
i
-
t
i
o
n
m
a
y
i
n
t
r
o
d
uc
e
th
is
c
o
m
p
o
un
d
in
to
th
e
S
ur
f
a
c
e
w
a
t
e
r
s
of
th
e
G
r
e
a
t
L
a
k
e
s
(1
0)
pr
es
um
ab
ly
bo
th
to
ne
ar
sh
or
e
ar
ea
s
an
d
th
e
op
en
la
ke
.
Ho
we
ve
r,
un
de
r
th
e
ae
ro
bi
c,
sl
ig
ht
ly
al
ka
li
ne
co
nd
it
io
ns
no
rm
al
ly
ob
se
rv
ed
in
La
ke
Su
pe
ri
or
,
it
is
no
t
ex
pe
ct
ed
to
pe
rs
is
t
bu
t
ra
th
er
to
de
gr
ad
e
at
le
as
t
to
ei
th
er
th
e
e
n
d
o
s
u
l
f
a
n
s
u
l
p
h
a
t
e
(2
3)
o
r
d
i
o
l
(3
1)
.
T
h
e
s
e
c
o
m
p
o
u
n
d
s
h
a
v
e
n
o
t
b
e
e
n
r
e
p
o
r
t
e
d
i
n
o
r
g
a
n
i
s
m
s
of
L
a
k
e
S
u
p
e
r
i
o
r
.
C
o
n
s
e
q
u
e
n
t
l
y
,
n
o
i
d
e
n
t
i
f
i
a
b
l
e
p
r
o
b
l
e
m
is
a
s
s
o
c
i
a
t
e
d
w
i
t
h
t
h
e
u
s
e
o
f
e
n
d
O
S
u
l
f
a
n
.
I
t
s
h
o
u
l
d
b
e
n
o
t
e
d
t
h
a
t
t
h
e
e
x
a
m
i
n
a
-
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——
tio
ns
for
the
se
thr
ee
com
pOu
nds
hav
e n
ot
bee
n e
xte
nsi
ve
and
rec
eiv
ing
wat
ers
of agricultural drainage should be examined more thoroughly.
Thes
e co
mpou
nds
have
not
been
obse
rved
in a
ny w
ater
, se
ston
, o
r se
dime
nt
sam
ple
s i
n L
ake
Sup
eri
or
(25)
abo
ve
lev
els
of
0.0
1 u
g/l
, N
o.2
ug/
g,
and
0.0
1
ug/g, respectively. However, because of the high toxicity, monitoring is
sug
ges
ted
in
are
as
whe
re
this
com
pou
nd
is
use
d a
nd
stu
die
s s
hou
ld
be
ini
tia
ted
to
det
erm
ine
bre
akd
own
pro
duc
ts
and
met
abo
lit
es
in
the
Gre
at
Lak
es.
CYANIDE
Cya
nid
e i
s u
sed
wid
ely
in
met
al
pla
tin
g,
tre
ati
ng,
and
min
ing
.
Was
te
loa
din
gs
to
Lak
e
Sup
eri
or
are
rep
ort
ed
as
W1,
300
kg/
d
(18
,19
).
Lit
tle
or
no
?
dat
a
are
ava
ila
ble
to
det
erm
ine
the
pos
sib
le
eff
ect
s
of
the
cya
nid
e
loa
din
g
on
th
e
la
ke
ec
os
ys
te
m
an
d
st
ud
ie
s
ar
e
ne
ed
ed
to
de
te
rm
in
e
if
ot
he
r
th
an
lo
ca
li
ze
d
ef
fe
ct
s
ha
ve
oc
cu
rr
ed
.
H
E
P
T
A
C
H
L
O
R
E
P
O
X
I
D
E
Th
e
pr
op
os
ed
Ag
re
em
en
t
ob
je
ct
iv
e
fo
r
he
pt
ac
hl
or
pl
us
he
pt
ac
hl
or
ep
ox
id
e
in
th
e
ed
ib
le
po
rt
io
ns
of
th
e
fi
sh
is
0.
3
ug
/g
fo
r
th
e
pr
ot
ec
ti
on
of
hu
ma
n
co
ns
um
er
s
of
fi
sh
(1
,2
);
se
e
Ap
pe
nd
ix
C.
He
pt
ac
hl
or
ep
ox
id
e
is
fo
un
d
in
co
nc
en
tr
at
io
ns
of
0.
00
3
to
0.
01
0
ug
/g
in
a
va
ri
et
y
of
fi
sh
an
d
fi
sh
ti
ss
ue
s
in
La
ke
Su
pe
ri
or
(4
2)
.
Al
th
ou
gh
an
al
ys
is
of
ed
ib
le
po
rt
io
ns
of
fi
sh
in
di
ca
te
co
nc
en
tr
at
io
ns
lo
we
r
th
an
pr
es
en
t
gu
id
el
in
e
le
ve
ls
,
co
nt
in
ue
d
mo
ni
to
ri
ng
of
th
is
pe
rs
is
te
nt
ch
em
ic
al
is
ne
ed
ed
to
de
te
rm
in
e
so
ur
ce
s
an
d
re
si
du
e
le
ve
ls
s
a
t
i
s
f
a
c
t
o
r
y
fo
r
h
u
m
a
n
co
ns
um
pt
io
n.
O
T
H
E
R
O
R
G
A
N
I
C
C
O
N
S
T
I
T
U
E
N
T
S
A
wi
de
ra
ng
e
of
ot
he
r
or
ga
ni
c
co
ns
ti
tu
en
ts
fo
un
d
in
wh
ol
e—
fi
sh
sa
mp
le
s
of
la
ke
tr
Ou
t
fr
om
Co
pp
er
mi
ne
Ba
nk
an
d
th
e
Ap
os
tl
e
Is
la
nd
s
is
gi
ve
n
in
Ta
bl
e
5.
6—
12
.
Se
ve
ra
l
of
th
es
e
ar
e
ne
w
in
re
po
rt
s
of
Gr
ea
t
La
ke
s
co
nt
am
in
an
ts
.
0f
gr
ea
te
st
co
nc
er
n
is
th
e
fa
ct
th
at
ma
ny
of
th
es
e
co
mp
ou
nd
s
ar
e
no
te
d
fo
r
th
ei
r
st
ab
le
ch
ar
ac
te
ri
st
ic
s
an
d
lo
ng
li
ve
s
in
aq
ua
ti
c
sy
st
em
s.
Th
ey
ca
n
on
ly
be
a
t
t
r
i
b
u
t
e
d
to
p
r
o
d
u
c
t
s
of
m
a
n
an
d
hi
s
ac
ti
vi
ti
es
.
To
o
l
i
t
t
l
e
is
k
n
o
w
n
r
e
g
a
r
d
—
in
g
c
h
r
o
n
i
c
e
f
f
e
c
t
s
to
p
e
r
m
i
t
a
n
y
e
s
t
i
m
a
t
e
of
t
h
e
d
i
r
e
c
t
r
i
s
k
to
f
i
s
h
s
t
o
c
k
or
to
w
i
l
d
l
i
f
e
a
n
d
m
a
n
a
s
a
c
o
n
s
u
m
e
r
of
t
h
i
s
l
o
w
l
e
v
e
l
c
o
n
t
a
m
i
n
a
t
i
o
n
.
S
t
i
l
l
l
e
s
s
is
k
n
o
w
n
of
t
h
e
p
a
t
h
w
a
y
s
b
y
w
h
i
c
h
t
h
e
y
r
e
a
c
h
f
i
s
h
a
n
d
t
h
e
e
f
f
e
c
t
s
w
h
i
c
h
t
h
e
y
m
a
y
h
a
v
e
o
n
o
t
h
e
r
c
o
m
p
o
n
e
n
t
s
of
t
h
e
a
q
u
a
t
i
c
e
c
o
s
y
s
t
e
m
a
n
d
h
e
n
c
e
i
n
d
i
r
e
c
t
l
y
on fish.
DISCUSSION
A
l
l
o
r
g
a
n
i
c
c
o
n
t
a
m
i
n
a
n
t
s
h
a
v
e
t
h
e
p
o
t
e
n
t
i
a
l
t
o
a
d
v
e
r
s
e
l
y
a
f
f
e
c
t
a
q
u
a
t
i
c
r
e
s
o
u
r
c
e
s
b
y
e
i
t
h
e
r
r
e
d
u
c
i
n
g
t
h
e
s
u
r
v
i
v
a
l
,
g
r
o
w
t
h
,
a
n
d
r
e
p
r
o
d
u
c
t
i
o
n
o
f
f
i
s
h
a
n
d
f
i
s
h
f
o
o
d
o
r
g
a
n
i
s
m
s
o
r
r
e
n
d
e
r
i
n
g
t
h
e
w
a
t
e
r
a
n
d
/
o
r
f
i
s
h
e
r
i
e
s
o
f
L
a
k
e
S
u
p
e
r
i
o
r
u
n
f
i
t
o
r
u
n
s
a
f
e
f
o
r
c
o
n
s
u
m
p
t
i
o
n
b
y
h
i
g
h
e
r
l
i
f
e
f
o
r
m
s
.
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P
E
R
S
I
S
T
E
N
T
O
R
G
A
N
I
C
C
O
N
T
A
M
I
N
A
N
T
S
o
r
g
a
n
i
c
c
o
n
t
a
m
i
n
a
n
t
s
t
h
r
o
u
g
h
o
u
t
t
h
e
L
a
k
e
h
i
m
t
h
e
l
a
k
e
a
n
d
t
h
r
o
u
g
h
a
t
m
o
s
p
h
e
r
i
c
t
r
a
n
s
p
o
r
t
.
A
t
m
o
s
p
h
e
r
i
c
i
n
p
u
t
s
a
p
p
e
a
r
t
o
b
e
T
h
e
d
i
s
p
e
r
s
i
o
n
o
f
p
e
r
s
i
s
t
e
n
t
S
u
p
e
r
i
o
r
e
c
o
s
y
s
t
e
m
o
c
c
u
r
s
b
o
t
h
w
i
t
W
h
o
l
e
—
l
a
k
e
d
e
g
r
a
d
a
t
i
o
n
i
s
c
l
e
a
r
l
y
i
n
d
i
c
a
t
e
d
.
a
s
i
g
n
i
f
i
c
a
n
t
s
o
u
r
c
e
s
i
n
c
e
s
e
v
e
r
a
l
o
f
t
h
e
c
o
m
p
o
u
n
d
s
w
e
r
e
f
o
u
n
d
a
t
c
o
m
p
a
r
a
b
l
e
l
e
v
e
l
s
i
n
b
o
t
h
L
a
k
e
S
u
p
e
r
i
o
r
a
n
d
L
a
k
e
H
u
r
o
n
.
F
u
r
t
h
e
r
e
v
i
d
e
n
c
e
o
f
a
t
m
o
s
p
h
e
r
i
c
t
r
a
n
s
p
o
r
t
i
s
i
n
d
i
c
a
t
e
d
b
y
t
h
e
p
r
e
s
e
n
c
e
o
f
s
i
m
i
l
a
r
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
s
u
c
h
p
e
r
s
i
s
t
e
n
t
o
r
g
a
n
i
c
c
o
m
p
o
u
n
d
s
a
s
P
C
B
'
s
,
h
e
x
a
c
h
l
o
r
o
b
e
n
z
e
n
e
,
h
e
p
t
a
c
h
l
o
r
e
p
o
x
i
d
e
,
a
n
d
m
e
t
h
o
x
y
c
h
l
o
r
i
n
f
i
s
h
f
r
o
m
L
a
k
e
S
u
p
e
r
i
o
r
a
n
d
i
n
f
i
s
h
f
r
o
m
S
i
s
k
i
w
i
t
L
a
k
e
,
a
n
i
n
l
a
n
d
l
a
k
e
o
n
I
s
l
e
R
o
y
a
l
e
w
h
i
c
h
h
a
s
r
e
c
e
i
v
e
d
n
o
k
n
o
w
n
d
i
r
e
c
t
d
i
s
c
h
a
r
g
e
s
o
f
t
h
e
s
e
c
o
m
p
o
u
n
d
s
.
n
c
e
n
t
r
a
t
i
o
n
s
o
f
t
h
i
s
w
i
d
e
a
r
r
a
y
o
f
c
h
l
o
r
i
n
a
t
e
d
o
t
a
o
f
t
h
e
U
p
p
e
r
L
a
k
e
s
,
t
h
e
R
e
f
e
r
e
n
c
e
G
r
o
u
p
i
s
c
o
n
c
e
r
n
e
d
o
v
e
r
t
h
e
c
o
m
m
o
n
p
r
e
s
e
n
c
e
o
f
n
u
m
e
r
o
u
s
t
o
x
i
c
o
r
g
a
n
i
c
s
w
h
o
s
e
i
n
d
i
v
i
—
d
u
a
l
e
f
f
e
c
t
s
,
a
c
u
t
e
o
r
c
h
r
o
n
i
c
,
t
o
x
i
c
o
r
s
u
b
l
e
t
h
a
l
,
a
r
e
p
o
o
r
l
y
k
n
o
w
n
a
n
d
w
h
o
s
e
p
o
t
e
n
t
i
a
l
c
o
m
b
i
n
e
d
e
f
f
e
c
t
s
a
r
e
c
o
m
p
l
e
t
e
l
y
u
n
k
n
o
w
n
b
o
t
h
i
n
t
h
e
a
q
u
a
t
i
c
b
i
o
t
a
a
n
d
-
i
n
o
r
g
a
n
i
s
m
s
w
h
i
c
h
d
e
p
e
n
d
o
n
t
h
e
m
f
o
r
f
o
o
d
.
I
t
i
s
a
p
p
a
r
e
n
t
t
h
a
t
L
a
k
e
S
u
p
e
r
i
o
r
i
s
b
e
i
n
g
c
o
n
t
a
m
i
n
a
t
e
d
w
i
t
h
p
e
r
s
i
s
t
e
n
t
t
o
x
i
c
o
r
g
a
n
i
c
c
o
m
p
o
u
n
d
s
f
r
o
m
e
s
s
e
n
t
i
a
l
l
y
u
n
k
n
o
w
n
s
o
u
r
c
e
s
.
P
a
s
t
e
f
f
o
r
t
s
t
o
c
o
n
t
r
o
l
D
D
T
c
o
n
t
a
m
i
n
a
t
i
o
n
,
a
l
t
h
o
u
g
h
e
f
f
e
c
t
i
v
e
i
n
L
a
k
e
M
i
c
h
i
g
a
n
,
a
p
p
e
a
r
t
o
h
a
v
e
h
a
d
l
i
t
t
l
e
e
f
f
e
c
t
a
s
y
e
t
i
n
L
a
k
e
S
u
p
e
r
i
o
r
.
F
u
r
t
h
e
r
c
o
n
t
a
m
i
n
a
t
i
o
n
o
f
t
h
e
b
i
o
t
a
b
y
P
C
B
'
s
a
n
d
,
t
o
a
l
e
s
s
e
r
d
e
g
r
e
e
d
i
e
l
d
r
i
n
is
s
t
i
l
l
c
o
n
s
i
d
e
r
e
d
u
n
a
v
o
i
d
a
b
l
e
i
n
t
h
e
U
p
p
e
r
L
a
k
e
s
.
T
h
e
r
e
i
s
a
l
s
o
a
r
e
a
l
p
o
t
e
n
t
i
a
l
t
h
a
t
i
f
p
o
l
l
u
t
i
o
n
b
y
t
o
x
i
c
o
r
g
a
n
i
c
s
c
o
n
t
i
n
u
e
s
u
n
c
h
e
c
k
e
d
,
t
h
e
f
i
s
h
e
r
i
e
s
m
a
y
e
v
e
n
t
u
a
l
l
y
b
e
l
o
s
t
b
e
c
a
u
s
e
o
f
p
u
b
l
i
c
h
e
a
l
t
h
p
r
o
b
l
e
m
s
o
r
,
i
n
t
h
e
e
x
t
r
e
m
e
,
a
c
t
u
a
l
l
o
s
s
o
f
t
h
e
r
e
s
o
u
r
c
e
f
r
o
m
t
h
e
l
a
k
e
s
.
T
h
i
s
e
v
i
d
e
n
c
e
i
n
d
i
c
a
t
e
s
a
p
p
a
r
e
n
t
i
n
e
f
f
e
c
t
i
v
e
n
e
s
s
of
c
o
n
t
r
o
l
l
i
n
g
t
o
x
i
c
o
r
g
a
n
i
c
s
t
h
r
o
ug
h
p
a
r
t
i
a
l
ba
ns
.
Th
e
o
n
l
y
a
n
s
we
r
is
to
ta
l
ba
ns
.
R
e
g
a
r
d
l
e
s
s
o
f
t
h
e
a
b
s
o
l
u
t
e
c
o
h
y
d
r
o
c
a
r
b
o
n
s
f
o
u
n
d
i
n
w
a
t
e
r
a
n
d
b
i
T
A
S
T
E
A
N
D
O
D
O
U
R
C
O
M
P
O
U
N
D
S
E
xc
e
s
s
i
ve
l
e
ve
l
s
of
ta
st
e
an
d
o
d
o
ur
c
a
us
i
n
g
c
o
m
p
o
u
n
d
s
ar
e
t
r
a
c
e
a
b
l
e
to
pu
lp
an
d
pa
pe
r
mi
ll
s
at
Ma
ra
th
on
,
Th
un
de
r
Ba
y,
Ni
pi
go
n
Ba
y,
an
d
Ja
ck
fi
sh
Ba
y,
an
d
to
se
ve
ra
l
in
du
st
ri
es
in
th
e
Du
lu
th
-S
up
er
io
r
Ha
rb
or
ar
ea
.
It
is
ex
pe
ct
ed
th
at
on
go
in
g
or
pl
an
ne
d
re
me
di
al
pr
og
ra
ms
at
th
e
Do
mt
ar
Lt
d.
mi
ll
at
Re
d
Ro
ck
(N
ip
ig
on
Ba
y)
an
d
th
e
Gr
ea
t
La
ke
s
Pa
pe
r
Co
mp
an
y
mi
ll
at
Th
un
de
r
Ba
y
wi
l
l
re
du
ce
pr
es
en
t
di
sc
ha
rg
es
of
ta
st
e
an
d
od
ou
r
ca
us
in
g
co
mp
ou
nd
s
to
le
ve
ls
in
co
mp
li
an
ce
wi
th
Ag
re
em
en
t
an
d
On
ta
ri
o
ob
je
ct
iv
es
,
bu
t
it
wi
ll
be
ne
ce
ss
ar
y
to
ta
ke
ad
di
ti
on
al
me
as
ur
es
to
ab
at
e
th
e
pr
ob
le
ms
or
ig
in
at
in
g
fr
om
th
e
re
ma
in
in
g
pu
lp
an
d
pa
pe
r
mi
ll
s.
Th
e
te
ch
no
lo
gy
is
pr
es
en
tl
y
av
ai
la
bl
e
to
ac
hi
ev
e
th
is
abatement.
CONCLUSIONS
Th
e
Re
fe
re
nc
e
Gr
ou
p
co
nc
lu
de
s
th
at
a
to
ta
l
ba
n
sh
ou
ld
be
im
pl
em
en
te
d
on
th
e
ma
nu
fa
ct
ur
e,
sa
le
,
tr
an
sp
or
t,
an
d
us
e
of
PC
B'
s,
al
dr
in
,
di
el
dr
in
,
an
d
DD
T
an
d
it
s
de
ri
va
ti
ve
s.
Fo
r
ot
he
r
ma
n-
ma
de
or
ga
ni
cs
su
ch
as
ha
lo
ge
na
te
d
hy
dr
o—
ca
rb
on
s,
an
ac
ce
le
ra
te
d
pr
og
ra
m
is
re
qu
ir
ed
to
ev
al
ua
te
ef
fe
ct
s
on
hu
ma
n
he
al
th
an
d
bi
ot
a,
to
es
ta
bl
is
h
a
be
tt
er
ba
si
s
fo
r
cr
it
er
ia
,
an
d
to
de
ve
lo
p
re
me
di
al
pr
og
ra
ms
as
ne
ed
ed
.
Un
ti
l
th
e
ef
fe
ct
s
ar
e
fu
ll
y
un
de
rs
to
od
,
th
er
e
428
  
_should be no increased manufacture, use or discharge of these compounds.
Further, before new organic comounds are produced, distributed, or used,
environmental and health effects should be fully evaluated. Programs to
minimize pesticide use should also be implemented. In addition, remedial
measures should be undertaken to eliminate the taste and odour problems.
   
  
Slllllls
RE
VI
EW
OF
PO
TE
NT
IA
L
PR
OB
LE
MS
Sol
ids
exi
st
in
wat
er
in
two
dis
tin
ct
for
ms,
sus
pen
ded
and
dis
sol
ved
.
Dis
sol
ved
sol
ids
con
sis
t o
f i
nor
gan
ic
sal
ts
and
sma
ll
amo
unt
s o
f o
rga
nic
mat
ter
whi
le
sus
pen
ded
sol
ids
con
sis
t o
f o
rga
nic
and
ino
rga
nic
par
tic
ula
te
mat
ter
(1)
.
Bot
h d
iss
olv
ed
and
sus
pen
ded
sol
ids
are
of
def
ini
te
che
mic
al
com
pos
iti
on
whi
ch
ult
ima
tel
y r
eac
hes
equ
ili
bri
um
wit
h t
he
adj
ace
nt
wat
er
mas
s,
us
ua
ll
y
pr
ov
id
in
g
a
de
tr
im
en
ta
l
im
pa
ct
.
Exc
ess
dis
sol
ved
sol
ids
are
obj
ect
ion
abl
e
in
wat
er
bec
aus
e
of
pos
sib
le
hu
ma
n
ph
ys
io
lo
gi
ca
l
ef
fe
ct
s,
un
pa
la
ta
bl
e
ta
st
es
,
co
rr
os
io
n
an
d
en
cr
us
ta
ti
on
of
me
ta
ll
ic
su
rf
ac
es
,
an
d
to
xi
ci
ty
to
bi
ot
a
an
d
fi
sh
(2)
.
Th
e
pr
in
ci
pa
l
ph
ys
io
-
lo
gi
ca
l
ef
fe
ct
s
of
di
ss
ol
ve
d
so
li
ds
ar
e
la
xa
ti
ve
ef
fe
ct
s
ca
us
ed
by
su
lf
at
e
co
mp
ou
nd
s
an
d
th
e
ad
ve
rs
e
ef
fe
ct
of
so
di
um
on
pe
op
le
wi
th
ca
rd
ia
c
di
se
as
e.
Ph
ys
io
lo
gi
ca
l
an
d
ta
st
e
ef
fe
ct
s
ge
ne
ra
ll
y
do
no
t
oc
cu
r
be
lo
w
a
di
ss
ol
ve
d
so
li
ds
co
nc
en
tr
at
io
n
of
50
0
mg
/2
(3)
wh
il
e
co
rr
os
io
n
an
d
en
cr
us
ta
ti
on
be
ca
me
se
ve
re
wh
en
th
e
co
nc
en
tr
at
io
n
ex
ce
ed
s
1,
00
0
mg
/£
(2)
.
Th
e
ef
fe
ct
of
di
ss
ol
ve
d
so
li
ds
on
fr
es
hw
at
er
bi
ot
a
an
d
fi
sh
is
ge
ne
ra
ll
y
in
no
cu
ou
s
wh
en
th
e
co
nc
en
tr
a—
ti
on
is
le
ss
th
an
1,
50
0
mg
/l
(4
)
bu
t
a
co
nc
en
tr
at
io
n
in
ex
ce
ss
of
15
,0
00
mg
/l
is
un
su
it
ab
le
fo
r
mo
st
fr
es
hw
at
er
fi
sh
(2
).
Pa
rt
ic
ul
at
es
,
es
pe
ci
al
ly
mi
ne
ra
l
cl
ay
s
wi
th
hi
gh
ly
po
la
r
st
ru
ct
ur
es
,
te
nd
to
so
rb
ot
he
r
ma
te
ri
al
s
on
to
th
ei
r
su
rf
ac
es
;
un
de
r
ap
pr
op
ri
at
e
co
nd
it
io
ns
,
so
rb
ed
to
xi
ca
nt
s
ma
y
be
de
so
rb
ed
an
d
be
co
me
av
ai
la
bl
e
to
th
e
bi
ot
a.
Ex
ce
ss
su
sp
en
de
d
so
li
ds
ca
n
ca
us
e
in
ef
fe
ct
iv
e
di
si
nf
ec
ti
on
of
a
wa
te
r
su
pp
ly
,
in
te
r—
fe
re
wi
th
re
cr
ea
ti
on
al
us
e
an
d
ae
st
he
ti
c
en
jo
ym
en
t
of
th
e
wa
te
r,
in
cr
ea
se
th
e
co
st
s
of
wa
te
r
tr
ea
tm
en
t,
an
d
da
ma
ge
fi
sh
.
Ex
ce
ss
su
sp
en
de
d
so
li
ds
ac
t
di
re
ct
—
ly
on
th
e
fi
sh
,
ei
th
er
ki
ll
in
g
th
em
or
re
du
ci
ng
th
ei
r
gr
ow
th
ra
te
an
d
th
ei
r
re
si
st
an
ce
to
di
se
as
e;
pr
ev
en
t
th
e
su
cc
es
sf
ul
de
ve
lo
pm
en
t
of
fi
sh
eg
gs
an
d
la
rv
ae
;
mo
di
fy
th
e
na
tu
ra
l
mo
ve
me
nt
s
an
d
mi
gr
at
io
ns
of
th
e
fi
sh
;
an
d
re
du
ce
th
e
ab
un
da
nc
e
of
fo
od
av
ai
la
bl
e
to
th
em
(2
).
Ad
di
ti
on
al
ly
,
th
e
in
cr
ea
se
d
tu
rb
id
it
y
re
la
te
d
to
hi
gh
co
nc
en
tr
at
io
ns
of
su
sp
en
de
d
so
li
ds
wi
ll
re
du
ce
li
gh
t
p
e
n
e
t
r
a
t
i
o
n
in
to
th
e
wa
t
e
r
bo
dy
,
th
er
eb
y
r
e
d
uc
i
n
g
th
e
p
r
i
m
a
r
y
p
r
o
d
u
c
t
i
v
i
t
y
an
d
a
l
t
e
r
i
n
g
th
e
b
i
o
t
a
(4
,6
).
Fi
na
ll
y,
c
e
r
t
a
i
n
s
ub
-
m
i
c
r
o
s
c
o
p
i
c
s
us
p
e
n
d
e
d
so
li
ds
s
u
c
h
a
s
a
s
b
e
s
t
o
s
f
i
b
r
e
s
m
a
y
b
e
h
a
r
m
f
u
l
t
o
h
u
m
a
n
h
e
a
l
t
h
(5
).
A
p
p
e
n
d
i
x
C
s
u
m
m
a
r
i
z
e
s
t
h
e
s
t
a
n
d
a
r
d
s
,
c
r
i
t
e
r
i
a
,
o
b
j
e
c
t
i
v
e
s
,
a
n
d
g
u
i
d
e
l
i
n
e
s
r
e
l
a
t
i
n
g
t
o
s
o
l
i
d
s
.
T
h
e
p
r
e
s
e
n
t
l
e
v
e
l
s
of
s
u
s
p
e
n
d
e
d
a
n
d
d
i
s
s
o
l
v
e
d
s
o
l
i
d
s
i
n
La
ke
Su
pe
ri
or
ar
e
de
sc
ri
be
d
1
c
o
n
c
e
n
t
r
a
t
i
o
n
s
w
e
r
e
c
a
l
c
u
l
a
t
e
v
a
r
i
o
u
s
m
e
a
s
u
r
e
m
e
n
t
m
e
t
h
o
d
s
u
s
e
n
C
h
a
p
t
e
r
s
4
a
n
d
5
.
M
o
s
t
d
i
s
s
o
l
v
e
d
s
o
l
i
d
s
1
5%
d
b
y
c
o
n
v
e
r
t
i
n
g
s
p
e
c
i
f
i
c
c
o
n
d
u
c
t
a
n
c
e
d
a
t
a
;
t
h
e
-
,
i
d
a
r
e
s
u
m
m
a
r
i
z
e
d
i
n
A
p
p
e
n
d
i
x
D
.
1
p
i
  git  
  
E
X
I
S
T
I
N
G
P
R
O
B
L
E
M
S
D
I
S
S
O
L
V
E
D
S
O
L
I
D
S
T
h
e
r
e
h
a
s
b
e
e
n
n
o
s
i
g
n
i
f
i
c
a
n
t
c
h
a
n
g
e
i
n
t
h
e
o
p
e
n
l
a
k
e
d
i
s
s
o
l
v
e
d
s
o
l
i
d
s
c
o
n
c
e
n
t
r
a
t
i
o
n
b
e
t
w
e
e
n
1
8
8
5
a
n
d
t
h
e
p
r
e
s
e
n
t
.
T
h
e
m
e
a
n
c
o
n
c
e
n
t
r
a
t
i
o
n
o
r
b
a
s
e
-
l
i
n
e
l
e
v
e
l
i
s
N
6
2
m
g
/
2
f
o
r
b
o
t
h
o
p
e
n
w
a
t
e
r
a
n
d
n
e
a
r
s
h
o
r
e
a
r
e
a
s
.
T
h
e
r
e
i
s
l
i
t
t
l
e
v
a
r
i
a
t
i
o
n
i
n
t
h
e
o
p
e
n
l
a
k
e
c
o
n
c
e
n
t
r
a
t
i
o
n
o
f
d
i
s
s
o
l
v
e
d
s
o
l
i
d
s
a
n
d
t
h
e
m
a
j
o
r
i
o
n
s
e
i
t
h
e
r
v
e
r
t
i
c
a
l
l
y
o
r
h
o
r
i
z
o
n
t
a
l
l
y
,
i
n
d
i
c
a
t
i
n
g
a
h
i
g
h
d
e
g
r
e
e
o
f
h
o
m
o
g
e
n
e
i
t
y
i
n
L
a
k
e
S
u
p
e
r
i
o
r
.
L
o
c
a
l
i
z
e
d
a
r
e
a
s
w
i
t
h
r
e
s
t
r
i
c
t
e
d
c
i
r
c
u
l
a
t
i
o
n
e
x
h
i
b
i
t
h
i
g
h
e
r
d
i
s
s
o
l
v
e
d
s
o
l
i
d
s
c
o
n
c
e
n
t
r
a
t
i
o
n
s
;
t
h
e
h
i
g
h
e
s
t
v
a
l
u
e
s
w
e
r
e
r
e
c
o
r
d
e
d
i
n
t
h
e
h
a
r
b
o
u
r
o
f
T
h
u
n
d
e
r
B
a
y
(
1
0
5
m
g
/
2
)
a
n
d
b
e
t
w
e
e
n
S
t
.
L
o
u
i
s
B
a
y
a
n
d
S
u
p
e
r
i
o
r
B
a
y
(
1
8
5
m
g
/
l
)
.
S
i
m
i
l
a
r
l
y
,
e
l
e
v
a
t
e
d
d
i
s
s
o
l
v
e
d
s
o
l
i
d
s
c
o
n
c
e
n
t
r
a
—
t
i
o
n
s
w
e
r
e
o
b
s
e
r
v
e
d
i
n
J
a
c
k
f
i
s
h
B
a
y
a
n
d
i
n
t
h
e
O
n
t
o
n
a
g
o
n
,
M
a
r
q
u
e
t
t
e
,
a
n
d
M
u
n
i
s
i
n
g
H
a
r
b
o
r
a
r
e
a
s
,
r
e
f
l
e
c
t
i
n
g
t
h
e
p
o
p
u
l
a
t
i
o
n
c
o
n
c
e
n
t
r
a
t
i
o
n
s
,
i
n
d
u
s
t
r
i
a
l
d
i
s
c
h
a
r
g
e
s
,
a
n
d
/
o
r
t
h
e
r
e
s
t
r
i
c
t
e
d
w
a
t
e
r
c
i
r
c
u
l
a
t
i
o
n
a
t
t
h
o
s
e
l
o
c
a
t
i
o
n
s
.
I
n
s
o
m
e
o
f
t
h
e
s
e
h
a
r
b
o
u
r
s
,
p
a
r
t
o
f
t
h
i
s
i
n
c
r
e
a
s
e
m
a
y
b
e
d
u
e
t
o
t
h
e
d
i
s
c
h
a
r
g
e
o
f
s
a
l
t
w
a
t
e
r
b
a
l
l
a
s
t
;
i
n
a
d
d
i
t
i
o
n
t
o
i
n
c
r
e
a
s
i
n
g
t
h
e
d
i
s
s
o
l
v
e
d
s
o
l
i
d
s
c
o
n
c
e
n
t
r
a
t
i
o
n
,
t
h
e
s
e
s
a
l
t
w
a
t
e
r
b
a
l
l
a
s
t
d
i
s
c
h
a
r
g
e
s
c
o
u
l
d
h
a
v
e
a
t
o
x
i
c
e
f
f
e
c
t
o
n
t
h
e
i
n
d
i
g
e
n
o
u
s
fish and biota.
S
U
S
P
E
N
D
E
D
S
O
L
I
D
S
RED CLAY
Th
e
hi
gh
es
t
va
lu
es
of
su
sp
en
de
d
so
li
ds
in
La
ke
Su
pe
ri
or
ar
e
in
ne
ar
sh
or
e
ar
ea
s
ne
ar
Du
lu
th
,
Mi
nn
es
ot
a
wh
er
e
th
e
me
di
an
co
nc
en
tr
at
io
n
is
2.
8
mg
/£
.
Th
e
we
st
er
n
ar
m
ha
s
an
av
er
ag
e
su
sp
en
de
d
so
li
ds
co
nc
en
tr
at
io
n
of
W
0.
9
m
g
/
£
wh
il
e
th
e
av
er
ag
e
op
en
la
ke
co
nc
en
tr
at
io
n
is
on
ly
W
0.
2
mg
/l
.
Th
e
ma
jo
r
ca
us
e
fo
r
th
e
hi
gh
er
tu
rb
id
it
y
in
th
e
we
st
er
n
ar
m
is
th
e
er
os
io
n
an
d
re
su
sp
en
si
on
of
re
d
cl
ay
al
on
g
th
e
Wi
sc
on
si
n
sh
or
el
in
e.
Th
e
me
an
an
nu
al
in
pu
t
is
W
3.
2
X
10
6
m3
wi
th
55
%
co
mi
ng
fr
om
sh
or
e
er
os
io
n,
37
%
fr
om
re
su
sp
en
si
on
,
an
d
8%
fr
om
st
re
am
ru
no
ff
.
In
th
e
wa
rm
mo
nt
hs
,
be
ca
us
e
of
th
e
ab
se
nc
e
of
ic
e
co
ve
r,
sh
or
e
er
os
io
n
co
nt
ri
bu
te
s
70
%
of
th
e
re
d
cl
ay
in
pu
t,
re
su
sp
en
si
on
co
nt
ri
bu
te
s
20
%,
an
d
st
re
am
ru
no
ff
10
%.
Th
e
Ne
ma
dj
i
Ri
ve
r
ac
co
un
ts
fo
r
ab
ou
t
tw
o
th
ir
ds
of
th
e
st
re
am
ru
no
ff
in
pu
t
(1
6)
.
Du
ri
ng
in
te
ns
e
st
or
ms
,
op
en
la
ke
pl
um
es
ca
n
ha
ve
su
sp
en
de
d
so
li
ds
co
nc
en
tr
at
io
ns
of
40
mg
/2
,
an
d
ne
ar
sh
or
e
wa
te
rs
ca
n
ha
ve
co
nc
en
tr
at
io
ns
of
up
to
10
00
mg
/l
.
Th
e
re
ce
ss
io
n
ra
te
of
th
e
Wi
sc
on
si
n
sh
or
e—
li
ne
in
re
ce
nt
ye
ar
s
is
ab
ou
t
on
e
me
tr
e
pe
r
ye
ar
.
Th
e
la
ke
le
ve
l
af
fe
ct
s
th
e
ra
te
of
er
os
io
n
in
a
co
mp
le
x
ma
nn
er
.
A
hi
gh
er
me
an
la
ke
le
ve
l
te
nd
s
to
in
cr
ea
se
er
os
io
n,
wh
il
e
a
sm
al
le
r
fl
uc
tu
at
io
n
in
la
ke
le
ve
l
te
nd
s
to
de
cr
ea
se
er
os
io
n.
Th
e
gr
ea
te
st
er
os
io
n
ta
ke
s
pl
ac
e
du
ri
ng
st
or
ms
wh
ic
h,
co
up
le
d
wi
th
wa
ve
ac
ti
on
,
ca
us
e
su
rg
es
in
la
ke
le
ve
l.
Th
e
ne
t
re
su
lt
of
th
es
e
fa
ct
or
s
is
di
ff
ic
ul
t
to
as
se
ss
.
Th
e
ne
ed
fo
r
fu
rt
he
r
st
ud
y
is
in
di
ca
te
d.
La
ke
le
ve
l
re
gu
la
ti
on
is
di
sc
us
se
d
in
Ch
ap
te
r
6.
7.
RE
SE
RV
E
MI
NI
NG
CO
MP
AN
Y
DI
SC
HA
RG
E
Th
e
Re
se
rv
e
Mi
ni
ng
Co
mp
an
y
di
sc
ha
rg
e
fr
om
th
e
ta
co
ni
te
pr
oc
es
si
ng
pl
an
t
at
Si
lv
er
Ba
y
re
su
lt
s
in
bo
th
a
su
sp
en
de
d
so
li
ds
in
pu
t
an
d
an
as
be
st
if
or
m
fi
br
e
pr
ob
le
m
in
th
e
we
st
er
n
ar
m
of
La
ke
Su
pe
ri
or
.
 
  
Most
of t
he 6
1 X
106
kg/d
of t
acon
ite
tail
ings
disc
harg
ed b
y Re
serv
e
Min
ing
are
eit
her
dep
osi
ted
ont
o
the
tai
lin
gs
del
ta
or
are
tra
nsp
ort
ed
to
the
dee
p
tro
ugh
off
sho
re.
How
eve
r,
the
den
sit
y
cur
ren
ta
sso
cia
ted
wit
h
the
dis
—
cha
rge
is
not
100
% e
ffi
cie
nt,
wit
h s
usp
end
ed
sol
ids
bei
ng
dis
per
sed
and
de-
pos
ite
d
ove
r
a
lar
ge
are
a
(Fi
gur
e
5.2
-4)
.
Gla
ss
(7)
rep
ort
ed
a
sus
pen
ded
so
li
ds
co
nc
en
tr
at
io
n
of
0.
2
mg
/l
up
st
re
am
of
th
e
Re
se
rv
e
Mi
ni
ng
di
sc
ha
rg
e
an
d
2.4
mg
/ﬁ
do
wn
st
re
am
(T
ab
le
4.
4-
2)
;
ot
he
r
st
ud
ie
s
ha
ve
re
po
rt
ed
si
mi
la
r
fi
nd
-
ing
s
(8,
9).
The
dis
cha
rge
can
als
o
con
tri
but
e
sig
nif
ica
nt
amo
unt
s
of
dis
sol
ved
lo
ad
in
gs
of
so
me
ch
em
ic
al
pa
ra
me
te
rs
.
Ass
oci
ate
d
wit
h
the
sus
pen
ded
sol
ids
and
the
ir
dis
per
sio
n
are
asb
est
ifo
rm
fi
br
es
.
Be
ca
us
e
of
th
ei
r
sm
al
l
siz
e,
the
as
be
st
if
or
m
fi
br
es
ge
ne
ra
ll
y
do
no
t
se
tt
le
ou
t
or
if
th
ey
do
ar
e
ea
si
ly
re
su
sp
en
de
d.
Co
ns
eq
ue
nt
ly
,
as
be
st
if
or
m
fi
br
es
ar
e
tr
an
sp
or
te
d
by
th
e
pr
ev
ai
li
ng
cu
rr
en
ts
th
ro
ug
ho
ut
th
e
we
st
er
n
ar
m
of
La
ke
Su
pe
ri
or
.
Th
is
re
su
lt
s
in
th
ei
r
up
ta
ke
in
to
se
ve
ra
l
mu
ni
ci
pa
l
wa
te
r
supplies.
Th
e
co
nc
er
n
ab
ou
t
as
be
st
os
is
th
at
it
s
wi
de
sp
re
ad
us
e
an
d
co
ns
eq
ue
nt
di
st
ri
bu
ti
on
in
to
th
e
en
vi
ro
nm
en
t
ma
y
be
a
po
te
nt
ia
l
he
al
th
ha
za
rd
to
th
e
ge
ne
ra
l
pu
bl
ic
.
Th
is
co
nc
er
n
is
ba
se
d
up
on
th
e
kn
ow
n
fa
ct
s
th
at
ti
ny
as
be
st
os
fi
br
es
in
th
e
at
mo
sp
he
re
ca
us
e
as
be
st
os
is
,
a
ch
ro
ni
c,
pr
og
re
ss
iv
e,
an
d
de
bi
li
ta
—
ti
ng
di
se
as
e
of
th
e
lu
ng
fo
r
wh
ic
h
th
er
e
is
no
kn
ow
n
cu
re
,
an
d
lu
ng
ca
nc
er
.
Th
e
ef
fe
ct
s
of
in
ge
st
ed
or
sw
al
lo
we
d
as
be
st
os
fi
br
es
ar
e
no
t
so
we
ll
do
cu
me
nt
ed
si
nc
e
th
ey
ha
ve
on
ly
re
ce
nt
ly
co
me
un
de
r
st
ud
y.
Ho
we
ve
r,
th
e
hi
gh
in
ci
de
nc
e
of
st
om
ac
h
ca
nc
er
in
Ja
pa
n
ha
s
be
en
li
nk
ed
to
th
e
us
e
of
ri
ce
du
st
ed
wi
th
ta
lc
co
nt
ai
ni
ng
as
be
st
os
(1
0)
.
Ex
pe
ri
me
nt
s
on
ra
ts
ha
ve
al
so
sh
ow
n
th
at
as
be
st
os
fi
br
es
c
a
n
p
e
n
e
t
r
a
t
e
t
h
r
o
ug
h
th
e
d
i
g
e
s
t
i
ve
tr
ac
t
an
d
be
c
a
r
r
i
e
d
to
th
e
o
t
h
e
r
o
r
g
a
n
s
of
th
e
bo
dy
.
Th
us
,
wh
i
l
e
pr
es
en
t
k
n
o
wl
e
d
g
e
of
p
ub
l
i
c
h
e
a
l
t
h
a
s
p
e
c
t
s
of
a
s
b
e
s
t
o
s
i
n
g
e
s
t
e
d
w
i
t
h
d
r
i
n
k
i
n
g
wa
t
e
r
is
in
ad
eq
ua
te
,
th
e
p
o
t
e
n
t
i
a
l
h
a
z
a
r
d
is
definitely there.
T
h
e
b
a
c
k
g
r
o
u
n
d
l
e
v
e
l
in
p
o
t
a
b
l
e
w
a
t
e
r
s
u
p
p
l
i
e
s
d
r
a
w
n
f
r
o
m
t
h
e
G
r
e
a
t
L
a
k
e
s
r
a
n
g
e
s
b
e
t
w
e
e
n
0
.
1
a
n
d
3
.
9
X
1
0
6
f
i
b
r
e
s
/
l
w
i
t
h
a
n
a
v
e
r
a
g
e
o
f
1
.
6
X
1
0
6
f
i
b
r
e
s
/
2
(
5
,
1
1
)
;
t
h
e
a
v
e
r
a
g
e
a
s
b
e
s
t
o
s
c
o
n
c
e
n
t
r
a
t
i
o
n
i
n
t
h
e
U
.
S
.
i
n
t
r
e
a
t
e
d
p
o
t
a
b
l
e
w
a
t
e
r
i
s
<
0
.
5
X
1
0
f
i
b
r
e
s
/
2
(1
2)
.
P
e
r
s
o
n
n
e
l
w
i
t
h
t
h
e
U
.
S
.
E
n
v
i
r
o
n
—
m
e
n
t
a
l
P
r
o
t
e
c
t
i
o
n
A
g
e
n
c
y
d
r
i
n
k
i
n
g
w
a
t
e
r
p
r
o
g
r
a
m
i
n
d
i
c
a
t
e
t
h
a
t
<
0
.
1
X
1
0
6
f
i
b
r
e
s
/
£
i
s
a
d
e
s
i
r
a
b
l
e
l
e
v
e
l
i
n
p
o
t
a
b
l
e
w
a
t
e
r
(
1
2
)
.
A
l
e
v
e
l
o
f
0
.
5
X
1
0
6
f
i
b
r
e
s
/
2
i
n
p
o
t
a
b
l
e
w
a
t
e
r
i
s
c
o
n
s
i
d
e
r
e
d
p
r
a
c
t
i
c
a
b
l
e
i
n
t
h
e
U
p
p
e
r
L
a
k
e
s
a
n
d
o
r
d
i
n
a
r
y
s
a
n
d
f
i
l
t
r
a
t
i
o
n
w
i
l
l
r
e
m
o
v
a
a
p
p
r
o
x
i
m
a
t
e
l
y
9
0
%
o
f
t
h
e
a
s
b
e
s
t
o
s
f
i
b
r
e
s
fr
om
th
e
ra
w
wa
te
r
(5
).
T
h
e
w
e
s
t
e
r
n
a
r
m
o
f
L
a
k
e
S
u
p
e
r
i
o
r
h
a
s
a
n
a
s
b
e
s
t
o
s
c
o
n
c
e
n
t
r
a
t
i
o
n
m
u
c
h
g
r
e
a
t
e
r
t
h
a
n
0
.
5
X
1
0
6
f
i
b
r
e
s
/
2
.
T
h
i
s
i
s
d
i
r
e
c
t
l
y
a
t
t
r
i
b
u
t
a
b
l
e
t
o
t
h
e
d
u
m
p
i
n
g
o
f
a
s
b
e
s
t
o
s
-
l
a
d
e
n
s
o
l
i
d
s
i
n
t
o
t
h
e
l
a
k
e
b
y
R
e
s
e
r
v
e
M
i
n
i
n
g
C
o
m
p
a
n
y
a
t
S
i
l
v
e
r
B
a
y
,
M
i
n
n
e
s
o
t
a
,
a
n
d
i
s
p
r
o
v
e
n
b
e
c
a
u
s
e
t
h
e
f
o
r
m
o
f
a
s
b
e
s
t
o
s
f
r
o
m
t
h
i
s
s
o
u
r
c
e
i
s
d
i
f
f
e
r
e
n
t
.
M
o
s
t
c
o
m
m
e
r
c
i
a
l
l
y
u
s
e
d
a
s
b
e
s
t
o
s
i
s
c
h
r
y
s
o
t
i
l
e
(
w
h
i
t
e
a
s
b
e
s
t
o
s
)
w
h
i
c
h
i
s
a
s
h
e
e
t
s
i
l
i
c
a
t
e
r
o
l
l
e
d
u
p
i
n
t
o
h
o
l
l
o
w
f
i
b
r
i
l
s
.
T
h
e
h
i
g
h
c
o
n
c
e
n
t
r
a
-
t
i
o
n
s
o
f
a
s
b
e
s
t
o
s
f
i
b
r
e
s
f
o
u
n
d
i
n
w
e
s
t
e
r
n
L
a
k
e
S
u
p
e
r
i
o
r
a
r
e
f
i
b
r
o
u
s
a
m
p
h
i
b
o
l
e
,
d
i
s
c
h
a
r
g
e
d
t
o
L
a
k
e
S
u
p
e
r
i
o
r
o
n
l
y
b
y
R
e
s
e
r
v
e
M
i
n
i
n
g
C
o
m
p
a
n
y
.
 T
h
e
w
a
t
e
r
s
u
p
p
l
i
e
s
f
o
r
B
e
a
v
e
r
B
a
y
a
n
d
D
u
l
u
t
h
a
r
e
t
h
e
m
o
s
t
s
e
r
i
o
u
s
l
y
a
f
f
e
c
t
e
d
w
i
t
h
a
n
a
v
e
r
a
g
e
c
o
n
c
e
n
t
r
a
t
i
o
n
a
t
D
u
l
u
t
h
b
e
t
w
e
e
n
4
5
-
1
0
0
X
1
0
6
f
i
b
r
e
s
/
k
o
f
a
m
p
h
i
b
o
l
e
f
o
r
t
h
e
p
e
r
i
o
d
J
a
n
u
a
r
y
1
9
7
4
t
h
r
o
u
g
h
J
u
n
e
1
9
7
5
.
T
h
e
c
o
n
c
e
r
n
a
t
D
u
l
u
t
h
,
T
w
o
H
a
r
b
o
r
s
,
a
n
d
C
l
o
q
u
e
t
i
s
t
h
e
m
o
s
t
s
e
r
i
o
u
s
s
i
n
c
e
t
h
e
s
e
w
a
t
e
r
s
u
p
p
l
i
e
s
a
r
e
n
o
t
f
i
l
t
e
r
e
d
p
r
i
o
r
t
o
d
i
s
t
r
i
b
u
t
i
o
n
.
E
a
r
l
i
e
r
r
e
p
o
r
t
s
,
s
u
c
h
a
s
r
e
f
e
r
e
n
c
e
(
5
)
,
w
e
r
e
b
a
s
e
d
o
n
o
n
l
y
a
f
e
w
w
a
t
e
r
s
a
m
p
l
e
s
,
a
n
d
m
u
c
h
l
e
s
s
s
o
p
h
i
s
t
i
c
a
t
e
d
a
n
a
l
y
t
i
c
a
l
m
e
t
h
o
d
o
l
o
g
y
w
a
s
u
s
e
d
.
C
o
n
s
e
q
u
e
n
t
l
y
,
t
h
e
e
a
r
l
i
e
r
r
e
s
u
l
t
s
p
r
e
s
e
n
t
e
d
w
e
r
e
c
o
n
s
i
d
e
r
a
b
l
y
l
o
w
e
r
t
h
a
n
t
h
e
a
b
o
v
e
a
v
e
r
a
g
e
a
n
d
u
n
d
e
r
—
s
t
a
t
e
d
t
h
e
m
a
g
n
i
t
u
d
e
o
f
t
h
e
p
r
o
b
l
e
m
.
A
w
a
t
e
r
f
i
l
t
r
a
t
i
o
n
s
y
s
t
e
m
is
n
o
w
o
p
e
r
a
t
i
n
g
a
t
D
u
l
u
t
h
a
n
d
s
i
m
i
l
a
r
s
y
s
t
e
m
s
a
r
e
p
l
a
n
n
e
d
o
r
a
r
e
u
n
d
e
r
c
o
n
s
t
r
u
c
t
i
o
n
a
t
t
h
e
o
t
h
e
r
c
i
t
i
e
s
.
T
h
e
D
u
l
u
t
h
f
i
l
t
r
a
—
t
i
o
n
p
l
a
n
t
i
s
d
e
s
i
g
n
e
d
f
o
r
>
9
9
%
e
f
f
i
c
i
e
n
c
y
o
r
n
o
t
m
o
r
e
t
h
a
n
1
.
0
X
1
0
6
f
i
b
r
e
s
/
i
b
a
s
e
d
o
n
a
m
a
x
i
m
u
m
r
a
w
w
a
t
e
r
c
o
n
c
e
n
t
r
a
t
i
o
n
o
f
u
p
t
o
6
4
4
X
1
0
6
f
i
b
r
e
s
/
l
.
OTHER INPUTS
In
ne
ar
sh
or
e
ar
ea
s,
es
pe
ci
al
ly
ha
rb
ou
rs
,
th
er
e
ar
e
oc
ca
si
on
al
hi
gh
co
nc
en
tr
at
io
ns
of
su
sp
en
de
d
so
li
ds
re
la
ti
ng
to
su
ch
ac
ti
vi
ti
es
as
sh
ip
mo
ve
-
me
nt
(p
ro
pw
as
h)
,
st
or
mw
at
er
ru
no
ff
,
an
d
dr
ed
gi
ng
;
th
es
e
ge
ne
ra
ll
y
ar
e
in
fr
e—
qu
en
t,
sh
or
t
li
ve
d
ev
en
ts
wh
ic
h
mi
gh
t
af
fe
ct
th
e
aq
ua
ti
c
li
fe
in
th
e
ar
ea
.
Th
e
po
te
nt
ia
l
im
pa
ct
of
dr
ed
gi
ng
is
di
sc
us
se
d
fu
rt
he
r
in
Ch
ap
te
r
6.
8.
El
ev
at
ed
va
lu
es
ca
n
al
so
be
as
so
ci
at
ed
wi
th
tr
ib
ut
ar
y
di
sc
ha
rg
es
.
In
du
st
ri
al
di
sc
ha
rg
es
ca
n
al
so
be
re
sp
on
si
bl
e
fo
r
el
ev
at
ed
su
sp
en
de
d
so
li
ds
co
nc
en
tr
at
io
ns
,
bu
t
th
es
e
ar
e
mi
no
r
in
ma
gn
it
ud
e
co
mp
ar
ed
wi
th
th
e
re
d'
cl
ay
in
pu
ts
de
sc
ri
be
d
ab
ov
e.
Me
di
an
co
nc
en
tr
at
io
ns
of
6
an
d
5
mg
l£
ha
ve
be
en
re
po
rt
ed
fo
r
Ja
ck
fi
sh
Ba
y
in
19
70
an
d
19
73
,
re
sp
ec
ti
ve
ly
(1
3)
;
th
e
su
sp
en
de
d
so
li
ds
ar
e
as
so
ci
at
ed
wi
th
th
e
Ki
mb
er
ly
-C
la
rk
of
Ca
na
da
pu
lp
an
d
pa
pe
r
mi
ll
.
A
me
di
an
su
sp
en
de
d
so
li
ds
co
nc
en
tr
at
io
n
of
10
mg
/l
wa
s
ob
ta
in
ed
wi
th
in
a
0.
5
km
ra
di
us
of
th
e
di
sc
ha
rg
e
fr
om
Do
mt
ar
Pa
ck
ag
in
g
Lt
d.
at
Re
d
Ro
ck
on
Ni
pi
go
n
Ba
y
(1
4)
.
Th
e
su
sp
en
de
d
so
li
ds
co
nc
en
tr
at
io
n
in
th
e
di
sc
ha
rg
e
fr
om
th
e
Am
er
ic
an
Ca
n
of
Ca
na
da
,
Lt
d.
pl
an
t
at
Ma
ra
th
on
av
er
ag
ed
57
mg
/2
(1
5)
.
Su
s-
' p
en
de
d
so
li
ds
co
nc
en
tr
at
io
ns
as
hi
gh
as
43
mg
/£
ha
ve
be
en
re
po
rt
ed
be
tw
ee
n
St
.
Lo
ui
s
Ba
y
an
dS
up
er
io
r
Ba
y
an
da
s
hi
gh
as
25
mg
/l
in
Su
pe
ri
or
Ba
y.
DISTRIBUTION
Th
e
di
st
ri
bu
ti
on
of
su
sp
en
de
d
so
li
ds
in
La
ke
Su
pe
ri
or
is
af
fe
ct
ed
by
th
e
lo
ca
ti
on
an
d
si
ze
of
th
e
in
pu
t,
th
e
na
tu
re
of
th
e
so
li
ds
pa
rt
ic
le
s
(o
rg
an
ic
or
in
or
ga
ni
c,
si
ze
,
di
ss
ol
ut
io
n
an
d/
or
bi
od
eg
ra
da
bi
li
ty
),
we
at
he
r,
wa
te
r
te
mp
er
a-
tu
re
,
wa
te
r
cu
rr
en
ts
,
an
d
se
tt
li
ng
ra
te
s.
Mo
st
of
th
e
su
sp
en
de
d
so
li
ds
di
s—
ch
ar
ge
d
to
La
ke
Su
pe
ri
or
ar
e
in
or
ga
ni
c.
Th
os
e
in
or
ga
ni
c
pa
rt
ic
le
s
ma
in
ta
in
ed
in
su
sp
en
si
on
fo
r
th
e
gr
ea
te
st
ti
me
an
d
wh
ic
h,
th
er
ef
or
e,
ar
e
tr
an
sp
or
te
d
th
e
gr
ea
te
st
di
st
an
ce
ar
e
th
os
e
wh
ic
h
ar
e
(Z
um
in
si
ze.
Th
e
pr
ev
ai
li
ng
cu
rr
en
ts
app
ear
to
con
tai
n m
ost
of
the
asb
est
ifo
rm
fib
res
and
the
red
cla
y
to
the
wes
ter
n a
rm
of
Lak
e
Sup
eri
or.
The
vel
oci
tie
s
of
the
cur
ren
ts
det
erm
ine
bot
h
the
tra
nsp
ort
dis
tan
ce
of
the
sus
pen
ded
sol
ids
and
als
o t
he
rat
e o
f s
ett
lin
g
an
d
th
e
ex
te
nt
of
re
su
sp
en
si
on
.
Th
e
we
at
he
r,
su
ch
as
st
or
ms
an
d
ic
e
co
ve
r,
influences the rate of erosion and resuspension.
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—CONCLUSIONS
Neither dissolved nor suspended solids are presently a problem in Lake
Superior, except for the asbestiform fibres in the Reserve Mining discharge.
Localized elevations of dissolved and suspended solids are found in regions of
restricted circulation, especially those subject to concentrated human activity.
Alth
ough
no s
peci
fic
obje
ctiv
es a
re b
eing
viol
ated
, pr
ogra
ms s
houl
d be
enac
ted
to forestall any future increase in solids inputs.
Filtration systems are under construction or are being considered in
tho
se
com
mun
iti
es
whi
ch
obt
ain
the
ir
wat
er
sup
ply
fro
m t
he
wes
ter
n a
rm
of
Lak
e
Superior, in response to the elevated asbestiform fibre concentrations found
in t
hese
wate
rs.
The
cont
inui
ng i
nput
of a
sbes
tifo
rm f
ibre
s vi
a th
e ta
ilin
gs
dis
cha
rge
,
fro
m r
esu
spe
nsi
on
of
the
bot
tom
sed
ime
nts
, a
nd
fro
m e
ros
ion
of
the
ta
il
in
gs
de
lt
a
re
qu
ir
e
fu
rt
he
r
at
te
nt
io
n.
Red
cla
y e
ros
ion
fro
m t
he
sho
rel
ine
of
Lak
e S
upe
rio
r i
s a
nat
ura
l
phe
no—
men
on
ess
ent
ial
ly
una
ffe
cte
d b
y m
an'
s a
cti
vit
ies
.
Alt
hou
gh
a p
rob
lem
,
the
Ref
ere
nce
Gro
up
con
clu
des
tha
t a
t p
res
ent
lit
tle
can
be
don
e t
o a
bat
e
the
se
in
pu
ts
.
Ho
we
Ve
r,
st
ud
ie
s
ha
ve
be
en
un
de
rt
ak
en
by
th
e
Do
ug
la
s
Co
un
ty
Re
d
Cl
ay
Co
nt
ro
l
Pr
oj
ec
t
to
co
nt
ro
l
er
os
io
n
up
st
re
am
in
th
e
dr
ai
na
ge
ba
si
n;
su
ch
co
nt
ro
l
wo
ul
d
re
du
ce
tr
ib
ut
ar
y
in
pu
ts
of
re
d
cl
ay
to
La
ke
Su
pe
ri
or
.
  
  
  
_SPIIIS
REVIEW OF POTENTIAL PROBLEMS
Spills
generally
occur
in
shipping
lanes,
channels,
or harbours
and
usually involve a slug discharge.
Spills of oil or other hazardous materials
can interfere with recreational water uses and can threaten water supplies.
However, most spills do not appear to cause injury to health or property.
The major impact of spills is the threat of significant‘ecological upset in
the immediate vicinity of the spill and the short-term impact may bevery
serious.
Unfortunately, regulatory agencies have not conducted post-spill
studies to determine the existence, extent, or duration of any long-term
ecological imbalance which may be attributed to spills of deleterious sub-
stances.
Toxicity is directly and subtly related to the nature of the material
spilled and the rate of its dispersion or cleanup. Materials spilled include
anything used in manufacturing or being transported. There are as many
causes and each response is unique. Neutralizing agents, if employed, may
also be as harmful as the material spilled.
 
The freight traffic on Lake Superior is predominantly iron ore; cement,
stone, sand, and gravel are collectively a distant second. Chemicals are
transported only about one—third as frequently as on Lake Huron and the quan—
tities are minimal, compared to other cargoes.
SPILLS T0 LAKE SUPERIOR
The total volume of pollutants spilled to Lake Superior represents only
a small fraction of the total loadings; see Chapter 3.10. During 1973 and
1974 there were 34 reported direct spills of oil or petroleum distillate into
Lake Superior, with a loss of at least 36,000 2 from 27 of these spills, and 8
reported incidents which involved other potentially hazardous materials.
Chemicals or other potentially hazardous materials spilled to watercourses
are generally not recoverable. The spill reports indicate that for oil
spills, <50% of the product spilled to water is actually recovered.
RESPONSE MEASURES
Prevention is the only effective means of avoiding ecological damage
from spills. To prevent spills, a number of procedures have been implemented,
such
as t
he U
.S.
Envi
ronm
enta
l Pr
otec
tion
Agen
cy‘s
requ
irem
ent
that
a Sp
ill
Prevention Control and Countermeasure Plan be prepared by most facilities
that
coul
d re
ason
ably
be e
xpec
ted
to s
pill
oil
into
the
wate
r.
In a
ddit
ion,
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d
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(3) U.S. Coast Guard
Gr
ea
t
La
ke
s
Co
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ta
l
Re
gi
on
Oi
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d
Ha
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ou
s
Su
bs
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nc
es
Co
nt
in
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y
Plan
(4)
U.S
.
Co
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t
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ar
d
an
d
Ca
na
da
Co
as
t
Gu
ar
d
Joi
nt
Can
ada
—U.
S.
Mar
ine
Pol
lut
ion
Con
tin
gen
cy
Pla
n
(5) Canada Coast Guard, Central Region
Marine Contingency Plan
(6) Ontario Ministry of the Environment
Province of Ontario Contingency Plan for Spills of Oil and
Other Hazardous Materials
(7) Wisconsin Department of Natural Resources
Contingency Plan for Spills of Oil and Other Hazardous
Substances
The objectives of all these plans are to provide for efficient, coordinated,
and effective action to minimize damage. The contingency plans emphasize the
administrative structure necessary for the countermeasures response to these
Spills and do not always include detailed response procedures for dealing
effectively with oils or other spilled pollutants. To date, all plans rely on
the ingenuity of the responding agencies. There is room for improving the
state of preparedness and the response technology.
CONCLUSIONS
Spills into Lake Superior do not appear to cause injury to health or
property. However, although spills are usually quite localized, their effects
on the local ecosystem can be severe. Transboundary movements of pollutants
spilled directly into Lake Superior appear to be associated only.with commer-
cial vessels in shipping lanes near the international border. None of the
spill incidents from shore facilities has indicated the threat or possibility
of transtundary movement of the spilled pollutant.
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—The information base regarding the nature and the character of the mate-
rial Spilled requires upgrading and reporting in a common format.
Post—spill
studies should be conducted to determine the associated long-term environ—
mental effects of spills and cleanup. In addition, improvements in response
measures and recovery technology are required.
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HISTORICAL PERSPECTIVE
The
h
i
s
t
o
r
y
of
Lake
Superior
regulation
has
been
we
l
l
d
e
s
c
r
i
b
e
d
(1)
and
is
summarized
below.
In
1914
the
IJC
issued
the
Orders
of
Approval
permitting
diversions
of
water
around
the
St.
Marys
River
for
the
production
of
power
and
the
construction
of
a
control
dam
to
compensate
for
these
diversiohs.
The
control
structure
was
completed
in
1918
and
the
last
closure
in
the
dike
made
in
1921.
The
1914
orders
provided
that
the
level
of
Lake
Superior
was
to
be
maintained
between
183.03
and
183.49
m,
International
Great
Lakes
Datum
(1955),
so
as
to
not
interfere
with
navigation.
The
orders
also
act
as
a
safeguard
to
eliminate
extreme
high
and
low
levels
on
Lake
Superior.
Regulation
plans
have
been
modified
to
compensate
for
the
added
flow
into
Lake
Superior
from
the
Ogoki
(since
1943)
and
the
Long
Lac
(since
1939)
diver-
sions.
There
have
also
been
deviations
from
the
regulations
in
response
to
extreme
water
levels
on
Lake
Huron.
The
1900-1975
average
monthly
level
of
Lake
Superior
was
183.05
m,
with
a
maximum
of
183.50
m
in
1952
and
a
minimum
of 182.35 m in 1926.
EFFECTS OF LAKE LEVEL REGULATION
Table
6.7—1
summarizes
the
calculated
effects
of
regulation
of
Lake
Superior
on
the
Great
Lakes
System.
It
compares
levels and
flows which
would
have occurred under outlet conditions existing in 1887 with regulation under
Plan 1955 Modified Rule of 1949 and under Plan 80—901.
Both plans have
increased the mean level of Lake Superior by No.1 m but reduced the range of
lake level fluctuation.
The major impact is on erosion,
especially the red
clay area of the Wisconsin shoreline.
EFFECT ON RED CLAY EROSION
The effect of regulation on red clay erosion is difficult to evaluate
because of compensating factors (1,2). An increase in the mean lake levels
may increase erosion rates. With higher lake levels, particularly during
storms, erosion damage increases when wind set—up and large waves allow water
to act directly on the bluff face or the erodible shoreline. However, shore—
lines are dynamic and over a period of years would tend to readjust their
profiles to a more stable configuration. However, stabilization of the red
clay shoreline would be difficult regardless of the lake level because of the
nature of the soil.
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_The regulation of Lake Superior has slightly decreased the peak level and
reduced the range of water level fluctuation. This would tend to decrease
erosion. The long—term effect of regulation on red clay erosion is probably
slight.
EFFECT ON WATER QUALITY
On a lake—wide basis, water quality in Lake Superior is considered not to
be affected by regulation activities. An increase in lake level of 0.5 m
would only change the volume of Lake Superior by 0.3%, which is insignificant
with respect to constituent concentration.
PLAN 80—901
The objective of Plan 30-901 is to keep the levels of Lake Superior and
Lake Huron at the same relative position within their recorded ranges of stage
with respect to their present levels (1). The principles of Plan 50—901 have
been followed since February 1973 and throughout 1974 and 1975. In order to
provide relief from high water on Lake Huron and downstream, the discharge
from Lake Superior was decreased. The International Lake Superior Board of
Control estimated that this action raised the water level of Lake Superior
0.22 m by the end of 1974.
If Plan 80—901 were permanently implemented, it would not materially
affect the level of Lake Superior or the overall water quality (1). The plan
would slightly increase the frequency of occurrences of water levels above
183.3 m; this might have an effect on red clay erosion but cannot be quanti-
fied. However, the mean lake level would be the same as for Plan 1955 Modified
Rule of 1949 (Table 6.7—1).
CONCLUSION
Lak
e l
eve
l r
egu
lat
ion
has
onl
y a
min
ima
l e
ffe
ct
on
the
wat
er
qua
lit
y o
f
Lake Superior.
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The primary purpose of dredging in Lake Superior is to maintain naviga—
tion channels.
The quantities and locations dredged in Lake Superior are
summarized in Chapter 3.8.
EFFECTS OF DREDGING AND DREDGE SPOIL DISPOSAL
DREDGING
The environmental effects of dredging and open lake disposal of dredged
material, even if the material is unpolluted, are not fully understood. The
act of dredging itself destroys whatever benthic community that may exist in
the channel, resuspends particulate matter in the water, and exposes anaerobic
layers of sediment to aerobic conditions with the possible release of nutrients
and/ or toxic materials to the water. The significance of these effects is
minimized by the fact that a healthy benthic community is very seldomable to
establish itself within an active shipping channel due to constant disturbance
of the upper layers of sediment by ships' propellors. The bulk of the resus-
pended materials settle back to the bottom within a short time.
 
OPEN LAKE DISPOSAL
The effects of open lake disposal of dredged materials may be divided
into three categories: the immediate impact on the water column, the immed-
iate impact on the benthic community, and the long-term impact on both the
biota and the water column.
IMMEDIATE IMPACT ON THE WATER COLUMN
The water column in an area of open lake disposal of dredged materials is
subjected to temporary discoloration, increased turbidity, and possibly a
small oil slick or other floating scum and debris. These effects are virtual-
ly impossible to detect an hour after the disposal operation is completed due
to
the
vir
tua
lly
unl
imi
ted
dil
uti
on
wat
er
ava
ila
ble
and
the
fac
t t
hat
the
grea
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f th
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.
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som
e r
ele
ase
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l
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
o
f
t
h
e
b
o
t
t
o
m
a
r
e
n
o
t
s
i
g
n
i
f
i
c
a
n
t
l
y
a
l
t
e
r
e
d
b
y
t
h
e
d
i
S
p
o
s
a
l
o
p
e
r
a
t
i
o
n
.
I
n
a
d
d
i
t
i
o
n
,
b
e
n
t
h
i
c
o
r
g
a
n
i
s
m
s
c
o
n
t
a
i
n
e
d
i
n
t
h
e
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
w
i
l
l
s
e
t
t
l
e
t
h
r
o
u
g
h
t
h
e
w
a
t
e
r
c
o
l
u
m
n
a
n
d
m
a
y
b
e
a
b
u
n
d
a
n
t
l
y
a
v
a
i
l
a
b
l
e
t
o
f
i
s
h
f
o
r
a
s
h
o
r
t
t
i
m
e
.
I
f
t
h
e
s
p
o
i
l
i
s
c
o
n
t
a
m
i
n
a
t
e
d
,
t
h
i
s
w
i
l
l
h
a
s
t
e
n
t
h
e
b
i
o
a
c
c
u
m
u
l
a
t
i
o
n
process.
L
O
N
G
-
T
E
R
M
I
M
P
A
C
T
O
N
T
H
E
B
I
O
T
A
A
N
D
T
H
E
W
A
T
E
R
C
O
L
U
M
N
E
v
i
d
e
n
c
e
o
f
l
o
n
g
—
t
e
r
m
i
m
p
a
c
t
i
s
g
e
n
e
r
a
l
l
y
d
i
f
f
i
c
u
l
t
t
o
i
s
o
l
a
t
e
b
e
c
a
u
s
e
o
f
t
h
e
d
y
n
a
m
i
c
i
n
v
o
l
v
e
m
e
n
t
o
f
m
a
n
y
f
a
c
t
o
r
s
,
t
h
e
i
n
t
e
r
d
e
p
e
n
d
e
n
c
e
o
f
w
h
i
c
h
a
r
e
n
o
t
f
u
l
l
y
u
n
d
e
r
s
t
o
o
d
.
I
f
t
h
e
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
c
o
n
t
a
i
n
s
m
o
r
e
o
r
g
a
n
i
c
.
m
a
t
e
r
i
a
l
t
h
a
n
t
h
e
o
r
i
g
i
n
a
l
b
o
t
t
o
m
,
t
h
e
n
e
w
c
o
m
m
u
n
i
t
y
m
a
y
c
o
n
s
i
s
t
o
f
o
l
i
g
o
c
h
a
e
t
e
s
a
n
d
o
t
h
e
r
m
o
r
e
p
o
l
l
u
t
i
o
n
t
o
l
e
r
a
n
t
s
p
e
c
i
e
s
.
T
h
e
o
r
g
a
n
i
c
m
a
t
e
r
i
a
l
m
a
y
a
l
s
o
e
x
e
r
t
a
l
o
n
g
-
t
e
r
m
o
x
y
g
e
n
d
e
m
a
n
d
t
h
e
r
e
b
y
r
e
d
u
c
i
n
g
t
h
e
d
i
s
s
o
l
v
e
d
o
x
y
g
e
n
a
v
a
i
l
a
b
l
e
n
e
a
r
t
h
e
b
o
t
t
o
m
.
T
h
e
e
f
f
e
c
t
s
o
f
t
h
e
s
e
c
h
a
n
g
e
s
o
n
f
i
s
h
a
n
d
o
t
h
e
r
h
i
g
h
e
r
o
r
d
e
r
o
r
g
a
n
i
s
m
s
a
r
e
n
o
t
k
n
o
w
n
.
R
e
d
u
c
t
i
o
n
o
f
t
h
e
d
i
s
s
o
l
v
e
d
o
x
y
g
e
n
c
o
n
c
e
n
t
r
a
t
i
o
n
i
n
t
h
e
o
v
e
r
l
y
i
n
g
w
a
t
e
r
c
o
u
l
d
a
l
s
o
l
e
a
d
to
a
n
a
e
r
o
b
i
c
c
o
n
d
i
t
i
o
n
s
a
t
t
h
e
s
e
d
i
m
e
n
t
-
w
a
t
e
r
i
n
t
e
r
f
a
c
e
,
f
a
v
o
r
i
n
g
t
h
e
r
e
l
e
a
s
e
o
f
m
a
t
e
r
i
a
l
s
f
r
o
m
t
h
e
s
e
d
i
m
e
n
t
.
T
h
e
m
o
s
t
d
i
s
t
u
r
b
i
n
g
i
m
p
a
c
t
o
f
o
p
e
n
l
a
k
e
d
i
s
p
o
s
a
l
is
t
h
e
p
o
s
s
i
b
l
e
t
r
a
n
s
f
e
r
to
t
h
e
o
p
e
n
l
a
k
e
o
f
n
u
t
r
i
e
n
t
s
a
n
d
o
r
g
a
n
i
c
m
a
t
e
r
i
a
l
s
w
h
i
c
h
m
a
y
a
c
c
e
l
e
r
a
t
e
t
h
e
e
u
t
r
o
p
h
i
c
a
t
i
o
n
p
r
o
c
e
s
s
o
r
w
h
i
c
h
m
a
y
b
e
b
i
o
a
c
c
u
m
u
l
a
t
e
d
i
n
t
h
e
a
q
u
a
t
i
c
f
o
o
d
c
h
a
i
n
.
W
e
l
l
k
n
o
w
n
e
x
a
m
p
l
e
s
of
m
a
t
e
r
i
a
l
s
t
h
a
t
b
i
o
a
c
c
u
m
u
l
a
t
e
a
r
e
m
e
r
c
u
r
y
,
p
e
s
t
i
-
c
i
d
e
s
,
a
n
d
P
C
B
'
s
.
M
e
r
c
u
r
y
in
it
s
m
e
t
a
l
l
i
c
f
o
r
m
is
v
e
r
y
i
n
s
o
l
u
b
l
e
i
n
w
a
t
e
r
a
n
d
t
h
e
r
e
f
o
r
e
n
o
t
d
i
r
e
c
t
l
y
a
v
a
i
l
a
b
l
e
to
b
i
o
t
a
.
U
n
d
e
r
a
n
a
e
r
o
b
i
c
c
o
n
d
i
t
i
o
n
s
,
h
o
w
e
v
e
r
,
i
t
c
a
n
b
e
b
i
o
l
o
g
i
c
a
l
l
y
m
e
t
h
y
l
a
t
e
d
.
M
e
t
h
y
l
m
e
r
c
u
r
y
i
s
s
o
l
u
b
l
e
i
n
w
a
t
e
r
a
n
d
f
a
r
m
o
r
e
s
o
i
n
a
n
i
m
a
l
f
a
t
.
I
t
i
s
k
n
o
w
n
t
o
b
i
o
a
c
c
u
m
u
l
a
t
e
b
e
t
w
e
e
n
1
0
,
0
0
0
a
n
d
1
0
0
,
0
0
0
t
i
m
e
s
i
n
f
i
s
h
a
n
d
i
s
e
x
t
r
e
m
e
l
y
t
o
x
i
c
t
o
m
a
m
m
a
l
s
.
S
e
d
i
m
e
n
t
s
a
r
e
n
o
r
m
a
l
l
y
a
n
a
e
r
o
b
i
c
a
f
e
w
c
e
n
t
i
m
e
t
r
e
s
b
e
l
o
w
t
h
e
s
u
r
f
a
c
e
.
T
h
i
s
i
s
e
s
p
e
c
i
a
l
l
y
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—true
of
fine
sediments
which
contain
organic
material.
It
is
less
true
of
coarse
material
which
permits
interchange
of
lake
and
interstitial
waters
to
a
greater
depth
and
which
normally
contains
less
organic
matter.
The
amount
of
methyl
mercury
which
may
be
released
from
a
sediment
depends
upon
many
variables;
however,
it
has
been
observed
that
as
little
as
1
mg/kg
mercury
in
sediments
from
Duluth—Superior
Harbor
causes
significant
bioaccumulation
in
pontoporeia
affinis
and
in
sculpin
which
feed
upon
them.
PCB's
and
pesticides
are
known
to
bioaccumulate
and
are
toxic
to
birds
and
other
animals.
These
compounds
have
a
strong
affinity
for
fine
particulates
in
a
sediment.
This
property
has
made
quantitative
analysis
of
PCB's
in
sediments
very
difficult
because
it
is
hard
to
get
them
into
solution.
A
possible
beneficial
effect
of
continued
open-lake
disposal
of
unpolluted
dredged
material
is
that
contaminated
bottom sediments
can be covered
and
therefore isolated from the aquatic environment.
SEDIMENT EVALUATION
TECHNOLOGY
The technology for evaluating sediments and their impact on the open lake
is not entirely satisfactory and must be considered to be under development.
Ultimately this technology must be based upon direct bioassay procedures which
determine the effect of various sediments on the important species found in
the lake. These types of analyses are very difficult, expensive, and time
consuming and are unsuitable for a large—scale sediment classification program.
 
Two other technologies have been used to determine the chemistry of
sediments. Bulk sediment chemistry involves a hard acid digestion of the
sediment to determine total quantities of various constituents; an elutriate
procedure attempts to determine how much of each constituent is dissolved in
the water column duringthe dredging and disposal procedure. Both of these
techniques have basic disadvantages.
The bulk sediment test has been used to evaluate sediments from U.S.
harbours on the Great Lakes. The test may not be directly relatable to the
impact of the sediment on the lakes because a substantial fraction of the
constituents it measures are in forms that are never available to the eco-
system of the lake. Since this fraction varies from sediment to sediment, it
is not possible to determine exactly how muchmaterial is available to the
lake ecosystem from any one sample.
The elutriate procedure, which has been proposed for the evaluation of
sediments, suffers because it addresses only the immediate impact on the water
column and ignores impact on the benthic community and longer term releases,
which could be significant. Volatile metals, such as mercury, and organics,
such as pesticides or PCB's, will never be detected by the elutriate procedure.
In
add
iti
on,
the
elu
tri
ate
pro
ced
ure
tak
es
pla
ce
und
er
aer
obi
c
con
dit
ion
s
whi
le
mos
t s
edi
men
ts
are
ana
ero
bic
a f
ew
cen
tim
etr
es
bel
ow
the
sur
fac
e.
Re
du
ce
d
me
ta
ls
,
pa
rt
ic
ul
ar
ly
iro
n,
in
te
rf
er
e
wi
th
the
el
ut
ri
at
e
te
st
by
fo
rm
in
g
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i
n
s
o
l
u
b
l
e
g
e
l
s
w
h
i
c
h
a
t
t
r
a
c
t
a
n
d
r
e
m
o
v
e
m
a
n
y
s
o
l
u
b
l
e
i
o
n
s
f
r
o
m
t
h
e
w
a
t
e
r
.
A
n
o
t
h
e
r
d
i
f
f
i
c
u
l
t
y
i
s
t
h
a
t
s
e
d
i
m
e
n
t
s
b
u
i
l
d
i
n
g
u
p
o
n
t
h
e
f
i
l
t
e
r
c
a
n
a
c
t
a
s
a
n
i
o
n
e
x
c
h
a
n
g
e
c
o
l
u
m
n
a
n
d
r
e
m
o
v
e
i
o
n
s
f
r
o
m
t
h
e
w
a
t
e
r
p
a
s
s
i
n
g
t
h
r
o
u
g
h
i
t
.
T
h
e
m
a
g
n
i
t
u
d
e
o
f
t
h
i
s
e
f
f
e
c
t
i
s
h
i
g
h
l
y
v
a
r
i
a
b
l
e
f
r
o
m
s
e
d
i
m
e
n
t
t
o
s
e
d
i
m
e
n
t
.
GUIDELINES
G
u
i
d
e
l
i
n
e
s
f
o
r
t
h
e
e
v
a
l
u
a
t
i
o
n
o
f
G
r
e
a
t
L
a
k
e
s
s
e
d
i
m
e
n
t
s
,
b
a
s
e
d
o
n
b
u
l
k
s
e
d
i
m
e
n
t
a
n
a
l
y
s
i
s
,
h
a
v
e
b
e
e
n
d
e
v
e
l
o
p
e
d
b
y
R
e
g
i
o
n
V
o
f
t
h
e
U
.
S
.
E
n
v
i
r
o
n
m
e
n
t
a
l
P
r
o
t
e
c
t
i
o
n
A
g
e
n
c
y
(
E
P
A
)
a
n
d
a
r
e
s
u
m
m
a
r
i
z
e
d
i
n
A
p
p
e
n
d
i
x
C
m
T
h
e
s
e
g
u
i
d
e
l
i
n
e
s
w
e
r
e
d
e
v
e
l
o
p
e
d
u
n
d
e
r
t
h
e
p
r
e
s
s
u
r
e
o
f
t
h
e
n
e
e
d
t
o
m
a
k
e
i
m
m
e
d
i
a
t
e
d
e
c
i
s
i
o
n
s
r
e
g
a
r
d
i
n
g
t
h
e
d
i
s
p
o
s
a
l
o
f
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
a
n
d
h
a
v
e
n
o
t
b
e
e
n
a
d
e
q
u
a
t
e
l
y
r
e
l
a
t
e
d
t
o
t
h
e
i
m
p
a
c
t
o
f
t
h
e
s
e
d
i
m
e
n
t
s
o
n
t
h
e
l
a
k
e
s
.
T
h
e
y
s
h
o
u
l
d
t
h
e
r
e
f
o
r
e
b
e
c
o
n
s
i
d
e
r
e
d
i
n
t
e
r
i
m
g
u
i
d
e
l
i
n
e
s
u
n
t
i
l
m
o
r
e
s
c
i
e
n
t
i
f
i
c
a
l
l
y
s
o
u
n
d
g
u
i
d
e
l
i
n
e
s
a
r
e
developed.
T
h
e
b
a
s
e
s
f
o
r
t
h
e
g
u
i
d
e
l
i
n
e
s
a
r
e
:
(
1
)
S
e
d
i
m
e
n
t
s
t
h
a
t
h
a
v
e
b
e
e
n
s
e
v
e
r
e
l
y
a
l
t
e
r
e
d
b
y
t
h
e
a
c
t
i
v
i
t
i
e
s
o
f
m
a
n
a
r
e
m
o
s
t
l
i
k
e
l
y
t
o
h
a
v
e
a
d
v
e
r
s
e
e
n
v
i
r
o
n
m
e
n
t
a
l
i
m
p
a
c
t
s
.
(
2
)
T
h
e
v
a
r
i
a
b
i
l
i
t
y
o
f
t
h
e
s
a
m
p
l
i
n
g
a
n
d
a
n
a
l
y
t
i
c
a
l
t
e
c
h
n
i
q
u
e
s
i
s
s
u
c
h
t
h
a
t
t
h
e
a
s
s
e
s
s
m
e
n
t
o
f
a
n
y
s
a
m
p
l
e
m
u
s
t
b
e
b
a
s
e
d
o
n
a
l
l
f
a
c
t
o
r
s
a
n
d
n
o
t
o
n
a
n
y
s
i
n
g
l
e
p
a
r
a
m
e
t
e
r
,
w
i
t
h
t
h
e
e
x
c
e
p
t
i
o
n
o
f
m
e
r
c
u
r
y
.
(
3
)
D
u
e
t
o
t
h
e
w
e
l
l
d
o
c
u
m
e
n
t
e
d
a
d
v
e
r
s
e
e
f
f
e
c
t
o
f
m
e
r
c
u
r
y
,
a
r
i
g
i
d
l
i
m
i
t
a
t
i
o
n
i
s
u
s
e
d
w
h
i
c
h
o
v
e
r
r
i
d
e
s
a
l
l
o
t
h
e
r
c
o
n
s
i
d
e
r
a
t
i
o
n
s
.
S
e
d
i
m
e
n
t
s
a
r
e
c
l
a
s
s
i
f
i
e
d
a
s
h
e
a
v
i
l
y
p
o
l
l
u
t
e
d
,
m
o
d
e
r
a
t
e
l
y
p
o
l
l
u
t
e
d
,
o
r
n
o
n
—
p
o
l
l
u
t
e
d
;
e
a
c
h
c
o
n
s
t
i
t
u
e
n
t
p
a
r
a
m
e
t
e
r
m
e
a
s
u
r
e
d
i
n
t
h
e
s
e
d
i
m
e
n
t
i
s
e
v
a
l
u
a
t
e
d
a
g
a
i
n
s
t
t
h
i
s
c
l
a
s
s
i
f
i
c
a
t
i
o
n
.
T
h
e
m
o
s
t
p
r
e
d
o
m
i
n
a
n
t
o
r
f
r
e
q
u
e
n
t
c
l
a
s
s
i
f
i
c
a
t
i
o
n
i
s
t
h
e
n
s
e
l
e
c
t
e
d
a
s
t
h
e
o
v
e
r
a
l
l
c
l
a
s
s
i
f
i
c
a
t
i
o
n
o
f
t
h
e
s
e
d
i
m
e
n
t
s
.
A
d
d
i
t
i
o
n
a
l
f
a
c
t
o
r
s
s
u
c
h
a
s
p
a
r
t
i
c
l
e
s
i
z
e
d
i
s
t
r
i
b
u
t
i
o
n
,
b
e
n
t
h
i
c
m
a
c
r
o
i
n
v
e
r
t
e
b
r
a
t
e
p
o
p
u
l
a
—
t
i
o
n
s
,
c
o
l
o
u
r
,
a
n
d
o
d
o
u
r
a
r
e
a
l
s
o
c
o
n
s
i
d
e
r
e
d
.
T
h
e
s
e
f
a
c
t
o
r
s
a
r
e
i
n
t
e
r
r
e
l
a
t
e
d
i
n
a
c
o
m
p
l
e
x
m
a
n
n
e
r
a
n
d
t
h
e
i
r
i
n
t
e
r
p
r
e
t
a
t
i
o
n
i
s
n
e
c
e
s
s
a
r
i
l
y
s
o
m
e
w
h
a
t
s
u
b
j
e
c
-
tive.
T
h
e
O
n
t
a
r
i
o
M
i
n
i
s
t
r
y
of
t
h
e
E
n
v
i
r
o
n
m
e
n
t
h
a
s
b
e
e
n
c
o
n
d
u
c
t
i
n
g
a
r
e
v
i
e
w
of
t
h
e
w
a
t
e
r
r
e
s
o
u
r
c
e
s
a
s
p
e
c
t
s
o
f
d
r
e
d
g
e
d
s
p
o
i
l
d
i
s
p
o
s
a
l
f
o
r
e
x
p
e
c
t
e
d
c
o
n
t
a
m
i
n
-
a
n
t
s
;
m
a
r
i
n
e
c
o
n
s
t
r
u
c
t
i
o
n
g
u
i
d
e
l
i
n
e
s
h
a
v
e
b
e
e
n
d
e
v
e
l
o
p
e
d
a
n
d
a
r
e
s
u
m
m
a
r
i
z
e
d
i
n
A
p
p
e
n
d
i
x
C.
T
h
e
p
r
i
m
a
r
y
e
v
a
l
u
a
t
i
o
n
c
r
i
t
e
r
i
o
n
is
t
h
e
p
r
o
t
e
c
t
i
o
n
o
f
n
e
a
r
b
y
u
s
e
r
s
,
i
n
c
l
u
d
i
n
g
f
i
s
h
a
n
d
w
i
l
d
l
i
f
e
.
D
R
E
D
G
I
N
G
A
N
D
D
R
E
D
G
E
S
P
O
I
L
D
I
S
P
O
S
A
L
I
N
L
A
K
E
S
U
P
E
R
I
O
R
D
r
e
d
g
i
n
g
fo
r
mi
ni
ng
,
fo
r
in
ta
ke
s
an
d
o
t
h
e
r
s
t
r
u
c
t
u
r
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—In
1970,
p
ub
l
i
c
c
o
n
c
e
r
n
over
the
d
i
s
p
o
s
a
l
of
h
e
a
vi
l
y
p
o
l
l
ut
e
d
m
a
t
e
r
i
a
l
s
in
Lake
M
i
c
h
i
g
a
n
c
a
us
e
d
W
i
s
c
o
n
s
i
n
and
M
i
c
h
i
g
a
n
to
p
r
o
h
i
b
i
t
the
d
i
s
p
o
s
a
l
of
heavily
polluted
materials
into
the
waters
of
the
Great
Lakes.
Minnesota
took
similar
action
and,
in
conjunction
with
Wisconsin,
brought
suit
to
ban
the
Open
lake
disposal
of
all
dredged
materials.
Figure
3.8—1
shows
maintenance
dredging
sites
on
Lake
Superior;
Table
3.8—1
lists
the
quantities
dredged
and
the
volume
of
dredged
spoil
which
is
classed
as
polluted.
Most
of
the
dredging
occurs
at
Thunder
Bay
and
in
Duluth—Superior
Harbor;
some
of
the
sediments
at
both
sites
are
polluted.
Dredging
activities
at
Thunder
Bay
account
for
about
75%
of
Canadian
maintenance
dredging
on
Lake
Superior;
the
sediments
contain
organic
materials
and
mercury.
However,
there
has
been
a
minimal
amount
of
dredging
recently
and
no
open
lake
disposal.
A
diked
disposal
area
for
future
dredging
is
under
design.
Duluth-Superior
Harbor
accounts
for
W91Z
of
all
dredged
material
on
the
U.S.
side
of
Lake
Superior.
Alternate
disposal
facilities
for
the
polluted
spoil will be in operation by 1977.
CONCLUSIONS
The Reference
Group
concludes
that
the effects
of
dredging
in Lake
Superior are local in nature and not serious;
the contribution of dredging to
the total loading is small.
Nonetheless,
dredging should not be expanded
beyond present
levels and all disposal should be in confined areas because the
present criteria for evaluation of the effects of dredging and of disposal are
inadequate.
Assessment
of the effect of dredging and of disposal should be
conducted, including for confined disposal areas, where seepage and ground—
water contamination could be important.
Beneficial uses of dredged sediment,
such as for beach nourishment and enlargement, improvement of fishery and
wetlands habitat, construction of landfills, and blanketing of polluted
sediments should be considered.
In addition, scientifically based guidelines
for the evaluation and classification of dredged spoil should be developed.
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REVIEW OF THE PROBLEM
C
o
n
c
e
r
n
w
i
t
h
v
e
s
s
e
l
w
a
s
t
e
s
is
n
o
t
so
m
u
c
h
w
i
t
h
t
h
e
i
r
c
o
n
t
r
i
b
u
t
i
o
n
to
t
h
e
total
l
o
a
d
i
n
g
s
to
the
lake,
but
rather
wi
t
h
their
impact
on
h
a
r
b
o
ur
s
and
em—
bayments.
D
i
s
c
h
a
r
g
e
s
in
these
confined
areas
could
s
e
r
i
o
us
l
y
impair
w
a
t
e
r
quality.
PRESENT INPUTS
Vessel
wastes
are
classed
as
personal
(black
and
gray
water),
operational
(bilges),
and
functional
(cargo
spillage
and
ballast);
see
Chapter
3.9.
Estimates
of
annual
inputs
by
waste
category
are
given
in
Table
3.9—1.
On
a
whole—lake
basis,
no
parameter,
except
chloride,
constitutes
more
than
1%
of
the
total
loading
to
Lake
Superior.
Chloride
accounts
for
4%
of
the
total
load
and
arises
from
discharge
of
sea
water
ballast,
primarily
in
the
harbour
areas.
In
addition,
this
discharge
may
result
in
the
introduction
of
salt
and
brackish
water
biota.
Based
on
previous
experience
with
lampreys
and
alewives,
this could be a serious problem.
 
Existing
U.S.
and
proposed
Canadian
regulations
regarding
personal
waste
allow
for
either
complete
containment
or
the
discharge
of
adequately
treated
sewage.
For
commercial
vessels
in
Canada
both
options
would
be
allowed;
for
recreational
vessels,
Ontario
requires
no
discharge.
In
the
U.S.,
under
PL
92—500,
Section
312(f)(3),
Michigan
has
been
granted
a
request
to
establish
"no
discharge
zones"
for
both
recreational
and
commercial
craft
in
Lake
Superior.
Minnesota
and
Wisconsin,
although
initially
denied
their
request
to
establish
similar
zones,
have
reapplied.
The
result
is
that for
commercial
vessels
incompatible regulations exist.
CONCLUSIONS
Since discharge of personal wastes can cause public health problems, the
Reference Group concludes that such discharges should be prohibited.
Opera—
tional waste discharges, including stack emissions, and functional waste
discharges are much greater than personal waste discharges. Operational
wastes, such as for oil, are regulated, but present regulations to enforce
good shipkeeping practices are inadequate. There are apparently no legal
constraints regarding the dumping of functional wastes. Since salt—water
ballast can be a problem, such ballast should be exchanged prior to entering
the St. Lawrence Seaway.
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r
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y
m
o
v
e
m
e
n
t
s
o
f
d
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e
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h
e
i
n
t
e
r
n
a
t
i
o
n
a
l
b
o
r
d
e
r
.
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[E Dim IIIHIMM Illl'llls
REVIEW OF THE PROBLEMS
The results of using lake water for once-through cooling of thermal—
electric power plants include direct heating of water, enhanced evaporation
from the lake surface, entrainment of biota into the cooling water system,
and effects on the biological community in the area exposed to the heated
water. These intake-discharge systems may also alter local current patterns
and this can have an impact upon the biological community in or passing
through the zone of impact.
THERMAL INPUTS TO LAKE SUPERIOR
Elev
en f
ossi
l—fu
eled
ther
mal-
elec
tric
powe
r pl
ants
use
Lake
Supe
rior
wate
r fo
r on
ce-t
hrou
gh c
ooli
ng
(Tab
le 3
.6-1
).
Alth
ough
the
temp
erat
ure
of
the
cool
ing
wate
r is
rais
ed a
s mu
ch a
s 16
.7 C
° by
the
wast
e he
at,
ther
e ar
e
no violations of temperature criteria.
Som
e e
xpa
nsi
on
of
the
rma
l—e
lec
tri
c g
ene
rat
ing
cap
aci
ty
is
pla
nne
d f
or
Lak
e S
upe
rio
r b
ut
fut
ure
hea
t d
isc
har
ges
wil
l b
e s
imi
lar
in
mag
nit
ude
to
pre
sen
t d
isc
har
ges
(Ta
ble
3.6
-1)
and
eff
ect
s s
hou
ld
the
ref
ore
be
sim
ila
r.
Dis
cha
rge
s o
n t
he
U.S
.
sid
e c
oul
d b
e r
edu
ced
if
clo
sed
-sy
ste
m c
ool
ing
tow
ers
are used.
CONCLUSIONS
Th
e
Re
fe
re
nc
e
Gr
ou
p
co
nc
lu
de
s
th
at
pr
es
en
t
th
er
ma
l
di
sc
ha
rg
es
do
no
t
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us
e
se
ri
ou
s
wa
te
r
qu
al
it
y
de
gr
ad
at
io
n.
Ho
we
ve
r,
co
mp
re
he
ns
iv
e
en
vi
ro
n—
me
nt
al
as
se
ss
me
nt
st
ud
ie
s
sh
ou
ld
be
co
nd
uc
te
d
fo
r
ea
ch
fu
tu
re
th
er
ma
l
di
s—
ch
ar
ge
r
wi
th
pa
rt
ic
ul
ar
em
ph
as
is
gi
ve
n
to
th
e
de
si
gn
of
in
ta
ke
an
d
di
sc
ha
rg
e
st
ru
ct
ur
es
to
mi
ni
mi
ze
fi
sh
an
d
fi
sh
la
rv
ae
en
tr
ai
nm
en
t.
 
  
 [gum] INIIIIIAIINNN
The presence of radioactivity in surface waters leads to the production
of a radiation dose to a population using those waters as a drinking water
supply.
Man is the most sensitive species to radiation and maximum dose
limits have
beenrecommended by the International Commission on Radiological
Protection to protect mankind from the deleterious somatic and genetic effects
of radiation.
However, there is no threshold level below which ionizing ra-
diation has no effect so, in view of this, a refined objective for radio-
activity in the Great Lakes has been proposed through the Water Quality
Agreement balancing the risk to mankind against the benefit of nuclear power
production. This proposed objective for ambient waters of the Great Lakes is
that concentration of radionuclides which would produce a total equivalent
radiation dose (TEDso) of l mrem to a person drinking 2.2 R of lake water per
day.
PRESENT LEVELS AND CURRENT RADIATION DOSE
The only anthropogenic input of radioactivity, primarily 90Sr, to Lake
Superior is from nuclear weapons testing fallout. The analytical results in
Table 6.11—1 suggest that the lake is well mixed (1, 2). The 90Sr level of
0.53 pCi/l would produce a TEDso =0.3 mrem. Strontium is conservative in
Great Lakes water; therefore, assuming no further atmospheric testing of
nuclear weapons, the level will decrease almost with the radioactive decay
half life of 28 years since flushing will have little effect.
Analyses of water samples taken in 1974 gave similar values to those for
1973 for 37Cs and 1258b (Table 6.11-2). 137Cs was the only artificial radio—
nuclide found in plankton and fish samples, with the concentrations given in
Table 6.11—3. A comparison of lake trout and water concentrations gives a
biomagnification of about 6000 times for 137Cs in Lake Superior lake trout.
This could affect the TED50 received by an individual regularly eating Lake
Superior fish. However, this person would have to eat about 50 kg of fish per
year at the 0.5 pCi/g level to reach the proposed 1 mrem objective. 137Cs is
not conservative but is gradually scavenged out of the water column by decaying
organic matter and fixed in the sediment where it decays with a 30 year half—
life. It is estimated that about 93% of the 137C3 entering Lake Superior from
weapons testing fa110ut which has not disappeared by radioactive decay and by
flushing to Lake Huron is immobilized in the sediments (3). Tables 6.11-4 and
6.11—5 give ranges of concentrations of 137C3, 1258b, and ll“‘Ce found in the
top 5 cm of sediment sampled at 15 and 8 locations throughout Lake Superior in
1974 and 1973, respectively.
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TABLE 6.11-1
R
A
D
I
O
N
U
C
L
I
D
E
LE
VE
LS
IN
LA
KE
S
U
P
E
R
I
O
R
WA
TE
RS
,
19
73
a
CONCENTRATION IN pCi/E
  
LOCATION
N.
LA
TI
TU
DE
w.
LO
NG
IT
UD
E
23
9P
u
9°
Sr
1“
Cs
12
53
b
47
°1
2'
24
"
89
°4
0'
00
"
—
—
0.
06
3i
.0
06
0.
04
6i
.0
15
47
°5
0'
41
"
87
°2
7'
36
"
0.
67
i.
05
x
10
'3
0.
54
:.
01
0.
08
7i
.0
06
o.
o4
1:
.0
11
47
°1
2'
30
"
85
°3
7'
36
"
0.
60
i.
05
X
10
'3
0.
51
1.
01
0.
07
7i
.0
07
0.
04
5i
.0
13
46
°5
1'
12
"
90
°4
1'
30
"
—
0.
53
:.
01
0.
05
8i
.0
01
-
    
a.
In
fo
rm
at
io
n
fr
om
Re
fe
re
nc
e
(1
).
TABLE 6.11—2
RA
DI
ON
UC
LI
DE
LE
VE
LS
IN
LA
KE
SU
PE
RI
OR
WA
TE
R
SA
MP
LE
S;
19
7A
a
 
LOC
ATI
ON
LEV
EL
IN
poi
/2
NOR
TH
LAT
.
WES
T
LON
G.
DAT
E
137
GB
125
Sb
1"“
Ce
47°
10'
12"
85°
24'
20"
1 J
une
197
4
0.0
79i
.00
7
0.0
24:
.01
7
0.0
52:
.01
7
47°
18'
50"
90°
01'
00"
7 J
une
197
4
0.0
71i
.00
5
0.0
41i
.01
5
0.0
61i
.03
5
47°
43'
06"
87°
15'
18"
5 J
une
197
4
0.0
78i
.01
3
0.0
50i
.03
3
0.0
731
.04
8
 
     
3. Information from Reference (3).
  
. TABLE 6.11-3
137Cs LEVELS IN LAKE SUPERIOR PLANKTON AND FISH, 1973a
LOCATION LEVEL OF 13703
NORTH LAT. WEST LONG. DATE SPECIMEN pCi/ g FRESH pCi/g DRIED
46°58'18" 85°43'54" 6 Sept. 1973 plankton - 0.231.08
47°52'45" 87°26'30" 11 Sept. 1973 plankton - 0.18:.04
47°12'42" 89°40'38" 14 Sept. 1973 plankton - 0.63i.38
47°28'00" 90°51'18" 15 Sept. 1973 plankton - 0.18i.07
Jackfish Ba 17 Oct. 1973 Lake trout 0.421.01 2.021.05
Batchawana Iay 13 Oct. 1973 Lake trout 0.50i.01 1.77i.04
 
 
 
 
a. Information from Reference (3).
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 TABLE 6.11-A
LAKE SUPERIOR SEDIMENTS, 197Aa
RADIONUCLIDE LEVELS IN UPPER FIVE CENTIMETRES 0F
 
pCi/g DRY SEDIMENT
  
 
137CS 125Sb 1uuce
Range of Shipek grab samples 0.16-9.64 <0.01—0.20 <0.03-0.27
a. Information from Reference (4).
TABLE 6.11-5
RADIONUCLIDE LEVELS IN LAKE SUPERIOR SEDIMENTS, 1973a
 
INTEGRATED poi/cm2 OF CORE
NO
RT
H
LA
T.
WE
ST
LO
NG
.
DA
TE
13
70
3
12
53
b
14
4C
e
48°17'30" 86°25'00" 4 June 1973 17.42 0.65 b
48°59'48" 88°12'06" 22 Aug. 1973 25.88 1.17 0.38
47°04'12" 89°53'54" 5 June 1973 6.11 0.21 0.06
47°11'00" 91°13'42" 6 June 1973 20.58 1.01 1.43
48°09'18" 89°01'30" 6 June 1973 22.25 1.08 1.14
46°42'54" 84°47'12" 10 June 1973 18.69 1.05 0.70
47°
32'
30"
87°
00'
00"
4 J
une
197
3
5.5
8
0.1
6
b
48°
00'
54"
87°
38'
00"
13
Jun
e 1
973
4.5
3
0.1
6
b
      
a. Information from Reference (3).
b. Not detected.
   
 CONCLUSION
As
no
nuc
lea
r
gen
era
tin
g
sta
tio
ns
hav
e b
een
pro
pos
ed
for
con
str
uct
ion
on
Lak
e
Sup
eri
or
up
to
the
yea
r
200
0 b
y
eit
her
Can
adi
an
or
U.S
.
uti
lit
ies
,
the
lev
els
of
rad
ioa
cti
vit
y i
n w
ate
r,
bio
ta,
and
sed
ime
nt
sho
uld
gra
dua
lly
dec
lin
e.
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SYSTEME INTERNATIONAL D ’UNITES (SI)
SI PREFIXES
MULTIPLYING FACTOR PREFIX SYMBOL
1000 = 103 kilo- k
0.01 = 10‘2 centi- c
0.001 = 10'3 milli- m
0.000001 = 10‘6 micro- u
0.000000001 = 10'9 nano- n
0.000000000001 = 10‘12 pico- p
BASE; SUPPLEMENTARY, DERIVED; AND RELATED UNITS
UANT ITY M SYMBOL EQUIVALENT
mass gram g
mass tonne 1 t = 1000 kg
length metre 111
area hectare ha 1 ha = 10,000 m2
volume litre 2,
time second 5
time hour 11
time day d
time year a
temperature degree Celsius °C
pressure pascal Pa
power watt
energy joule J
electric potential volt
electric conductance Siemens S 1 S = l mho
nuclear disintegrations curie Ci
radia
tion
dosag
e
ro'nt
gen
rem
rem =
rgntg
en e
qui-
valent man
519
.
 
  
CO
NV
ER
SI
ON
OF
SI
UN
IT
S
T0
FO
OT
/P
OU
ND
UN
IT
S
1 Ci
2.205
3.281
2.471
0.2200
0.2642
35.31
19.01
22.82
32°F
1 F°
1 bar
3.412
9.479
0.2388
pounds
feet
acres
Canadian gallons
U.S. gallons
cubic feet per second
million Canadian gallons per day
million U.S. gallons per day
(interval)
Btu per hour
Btu (International Table)
calories
3.7 X 101° nuclear disintegrations per second
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ORGANIZATION
Appendix C lists criteria, standards, objectives, and guidelines applied
to Upper Lakes waters or its denizens.
To display this material, parameters
are listed in alphabetical order. For each parameter, up to six categories of
uses to be protected are specified and the appropriate agency material listed
under each. The format is:
EABAMEIER W HEM
In alphabetical Raw water Agreement Objective
order Drinking water Proposed Agreement Objective
Recreation U.S. Water Quality Criteria
Fish and Aquatic Life U.S. Drinking Water Standard
Dredging Canadian Federal Standard or
Consumers of Fish and Guideline
Aquatic Life Canadian Drinking Water Objective
Michigan State Standard
Minnesota State Standard
Wisconsin State Standard
Ontario Provincial Standard
or Criteria
Ontario Provincial Drinking
Water Objective
U.S. EPA Dredging Guidelines
Ontario Provincial Marine
Construction Guidelines
U.S. FDA Guidelines
Canada Health Protection
Guidelines
In Wisconsin, drinking water standards essentially follow the U.S. drinking
water standards; with adequate treatment, raw surface intake water is to conform
to drinking water standards. Michigan drinking water standards conform with
U.S. drinking water standards. Michigan raw surface water standards at intake
pipe locations are identical to drinking water standards.
Appendix C is intended to be general. For a complete description of each
item consult the sources of information, listed at the end of the appendix.
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PARAMETER
USE
AND
AGENCY
CRITERIA;
STANDARDS; OBJECTIVES; AND GUIDELINES
ACIDITY
Fish
and
Aquatic
Life
US
Water
Quality
Criteria
Addition of weakly associated acids
and alkalies
— toxicity bioassay.
ALDRIN
(See
also
Dieldrin)
Raw
water
US
Water
Quality
Criteria
Desirable
and
Permissible:
Canadian
Federal
Guidelines
Objective
and
acceptable:
Maximum
permissible:
Ontario
Provincial
Criteria
Desirable:
Permissible:
Michigan
State
Standard
Drinking
Water
Canadian Drinking Water
Objectives
Objective and acceptable:
Maximum
permissible:
Wisconsin
State
Standard
Fish
and
Aquatic
Life
US Water Quality Criteria
Ontario Provincial Criteria
Consumers
of Fish
and Aquatic
Life
FDA
Guideline
absent
not
detectable
0.017 mg/l
absent
0.017 mg/l
0.017 mg/Q
not detectable
0.017
mg/l
0.001 mg/£
0.003
pg/2
not exceed 1/10 to 1/100 of 48-hour TLm
0.3 ug/g
in edible portion of
fish and shellfish.
ALDRIN
PLUS
DIELDRIW
Fish
and
Aquatic
Life
Proposed
Agreement
Objective
Consumers
of
Fish
and
Aquatic
Life
Proposed
Agreement
Objective:
0.001 ug/z
0.3 ug/g
in edible
portion of
fish.
 
ALKALINITY
 
Raw
water
US
Water
Quality
Criteria
Drinking
water
Canadian
Drinking
Water
Objectives
Acceptable:
Fish
and
Aquatic
Life
Canadian
Federal
Guidelines
Ontario
Provincial
Criteria
>20 ug/l.
Normal
to natural
water:
30
to
500 mg/l.
30 to 500 mg/l
Not
to be
decreased
below
natural
level
by
more
than
25%.
Acid
should not
be
added
in
sufficient
quantity to
lower
the
total
a
l
k
a
l
i
n
i
t
y
t
o
<
2
0
m
g
/
l
     
  
5
2
5
P
A
R
A
M
E
T
E
R
USE
AND
A
G
E
N
C
Y
CRITERIA;
STANDARDS,
OBJECTIVES;
AND
GUIDELINES
A
L
K
Y
L
B
E
N
Z
E
N
E
S
U
L
F
O
N
A
T
E
(
A
B
S
)
Drinking
Water
US
Drinking
Water
Standard
Ontario
Provincial
Drinking
Water
Objective:
Recreation
Canadian
Federal
Guidelines
Objective:
Maximum
limit:
Fish
and
Aquatic
Life
US
Water
Quality
Criteria
Ontario
Provincial
Criteria
0.5 mg/R
0.5 mg/K
(less
than
foam
threshold)
<0.05
mg/E
as
ABS
equivalent
2.0 mg/l as ABS
equivalent
Concentration
of continuous exposure
should not
exceed l/7 of
48—hour TLm.
Duration not
exceeding
24 hours:
1 mg/E.
Concentration
at any
time
or
place
should
not
exceed
1/7
of
48-hour
TLm.
 
A
M
M
O
N
I
A
 
Raw
water
Proposed
Agreement
Objective
US
Water
Quality
Criteria
(as
N)
Desirable:
Permissible:
Canadian
Federal
Guidelines
(as
N)
Objective:
Acceptable:
Michigan
State
Standard
(total
ammonia)
Ontario
Provincial
Criteria
(as
N)
Desirable:
P
e
r
m
i
s
s
i
b
l
e
:
Drinking
Water
Canadian
Drinking
Water
Objectives
(as
N)
Objective:
Acceptable:
Fish
and
Aquatic
Life
Proposed
Agreement
Objective
US
Water
Quality
Criteria
(Du-ionized)
Michigan
State
Standard
Minnesota
State
Standard
Dredging
EPA
Dredging
Guidelines
N
o
n
p
o
l
l
ut
e
d
:
Moderately
Polluted:
Heavily
Polluted:
 
Total
ammonia
should
not
exceed
0.50
mg/l
<0.01 mg/£
0.5 mg/£
O 01 mg/2
0.5 mg/l
0 50 mg/l
<0.0l mg/l
0.5 mg/£
0.01 mg/l
0.5 mg/£
Un-ionized
NH;
should
not
exceed
0.020
mg/R
0.02 mg/R
An
application
factor
of
96—hour
TLm.
0.2 mg/Q
<75
mg/kg
(dry
weight
basis)
75-200
mg/kg
(dry
weight
basis)
>200
mg/kg
(dry weight
basis)
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PA
RA
ME
TE
R
US
E
AN
D
A
G
E
N
C
Y
C
R
I
T
E
R
I
A
)
S
T
A
N
D
A
R
D
S
;
O
B
J
E
C
T
I
V
E
S
;
A
N
D
G
U
I
D
E
L
I
N
E
S
ARS
ENI
C
Ra
w
wa
te
r
Pro
pos
ed
Agr
eem
ent
Obj
ect
ive
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
Des
ira
ble
:
Per
mis
sib
le:
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Obj
ect
ive
:
Ac
ce
pt
ab
le
:
Ma
xi
mu
m:
Mi
ch
ig
an
St
at
e
St
an
da
rd
Min
nes
ota
Sta
te
Sta
nda
rd
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
Dri
nki
ng
Wat
er
US
Dr
in
ki
ng
Wa
te
r
St
an
da
rd
On
ta
ri
o
Pr
ov
in
ci
al
Dr
in
ki
ng
Wa
te
r
Objec
tive
Pe
rm
is
si
bl
e:
Ca
na
di
an
Dr
in
ki
ng
Wa
te
r
Ob
je
ct
iv
es
Ob
je
ct
iv
e:
Ac
ce
pt
ab
le
:
Ma
xi
mu
m:
Mi
ch
ig
an
St
at
e
St
an
da
rd
Wi
sc
on
si
n
St
at
e
St
an
da
rd
Fi
sh
an
d
Aq
ua
ti
c
Li
fe
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
Dr
ed
gi
ng
EP
A
Dr
ed
gi
ng
Gu
id
el
in
es
No
np
ol
lu
te
d:
Mo
de
ra
te
ly
Po
ll
ut
ed
:
He
av
il
y
Po
ll
ut
ed
:
Co
ns
um
er
s
of
Fi
sh
an
d
Aq
ua
ti
c
Li
fe
Ca
na
da
He
al
th
Pr
ot
ec
ti
on
Gu
id
el
in
e
To
ta
l
ar
se
ni
c
in
un
fi
lt
er
ed
wa
te
r
sa
mp
le
sh
ou
ld
no
t
ex
ce
ed
0.
05
mg
/l
ab
se
nt
0
.
0
5
m
g
/
2
not
det
ect
abl
e
0.
01
mg
/£
0.
05
mg
/2
0
.
0
5
m
g
/
l
0
.
0
1
m
g
/
i
abs
ent
0
.
0
5
m
g
/
l
0
.
0
5
m
g
/
l
0.
05
mg
/l
no
t
de
te
ct
ab
le
0.
01
mg
/i
0
.
0
5
m
g
/
£
0
.
0
5
m
g
/
l
0
.
1
m
g
/
l
En
vi
ro
nm
en
ta
l
le
ve
l
un
de
r
an
y
ci
rc
um
st
an
ce
s
sh
ou
ld
no
t
ex
ce
ed
0.
01
mg
/l
.
Fo
r
co
nt
in
uo
us
ex
po
su
re
to
ar
ri
ve
at
a
sa
fe
co
nc
en
tr
at
io
n
th
e
ap
pl
ic
at
io
n
fa
ct
or
is
1/
10
0
of
96
-h
ou
r
TL
m.
<3
mg
/k
g
(d
ry
we
ig
ht
ba
si
s)
3—
8
mg
/k
g
(d
ry
we
ig
ht
ba
si
s)
>8
mg
/k
g
(d
ry
we
ig
ht
ba
si
s)
5
ug
/g
in
ma
ri
ne
an
d
fr
es
h
wa
te
r
an
im
al
pr
od
uc
ts
.
 
AS
BE
ST
OS
 
Ra
w
wa
te
r
Pr
op
os
ed
Ag
re
em
en
t
Ob
je
ct
iv
e
 
Lo
we
st
pr
ac
ti
ca
bl
e
le
ve
l.
  
 PARAMETER USE AND AGENCY CRITERIA; STANDARDS, OBJECTIVES; AND GUIDELINES
BACTER
IA
Raw Wa
ter
Agr
eem
ent
Obj
ect
ive
Geo
met
ric
mea
n o
f n
ot
les
s t
han
5 s
amp
les
tak
en
ove
r n
ot
mor
e
tha
n a
30
—d
ay
pe
ri
od
sh
ou
ld
no
t
ex
ce
ed
1,
00
0/
10
0
ml
to
ta
l
co
li
fo
rm
,
no
r
200
/10
0 m
l f
eca
l
col
ifo
rm.
Can
adi
an
Fed
era
l G
uid
eli
nes
Obj
ect
ive
:
95%
of
the
sam
ple
s
in
any
con
sec
uti
ve
30—
day
per
iod
sho
uld
hav
e
a
tot
al
co
li
fo
rm
de
ns
it
y
of
<1
00
/1
00
ml.
Acc
ept
abl
e:
(90
% o
f s
amp
les
)
<l,
000
/lO
O m
l
Max
imu
m:
(90
% o
f
sam
ple
s)
<5,
000
/10
0 m
l
Mic
hig
an
Sta
te
Sta
nda
rd
Tot
al
Col
ifo
rm
10,
000
/10
0
ml
Fec
al
Col
ifo
rm
2,0
00/
100
ml
Min
nes
ota
Sta
te
Sta
nda
rd
Fec
al
Col
ifo
rm:
10
MPN
/lO
O m
l
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
Co
li
fo
rm
Des
ira
ble
:
<10
0/1
00
ml
Pe
rm
is
si
bl
e:
5,
00
0/
10
0
ml
Fec
al
Col
ifo
rm
Des
ira
ble
:
<10
/10
0 m
l
Pe
rm
is
si
bl
e:
50
0/
10
0
ml
Fec
al
Str
ept
oco
cci
Des
ira
ble
:
<l/
100
ml
Pe
rm
is
si
bl
e:
50
/1
00
ml
Tot
al
Bac
ter
ia
Des
ira
ble
:
<l,
000
/10
0 m
l
Per
mis
sib
le:
100
,00
0/1
00
ml
Clo
str
idi
a
Des
ira
ble
:
_0/
100
ml
Per
mis
sib
le:
50/
100
ml
Dri
nki
ng
wat
er
US
Dri
nki
ng
Wat
er
Sta
nda
rd
Whe
n m
emb
ran
e f
ilte
r t
ech
niq
ue
is u
sed:
(1)
Arit
hmet
ic m
ean
of a
ll s
ampl
es e
xami
ned
not
exce
ed 1
/100
ml'm
onth
.
(2)
When
<20 a
re e
xamin
ed pe
r mon
th,
in mo
re t
han o
ne s
ample
not
excee
d
4/
10
0
ml.
(3)
When
20 or
more
are e
xamin
ed pe
r mo
nth,
in mo
re t
han 5
% of
the
sampl
es no
t ex
ceed
4/100
ml.
When
the
ferm
enta
tion
tube
meth
od a
nd 1
0 ml
stan
dard
port
idns
are
used
,
colif
orm b
acter
ia s
hall
not
be pr
esent
:
(1)
In m
ore
than
10%
of t
he p
orti
ons
in a
ny m
onth
.
(2)
Whe
n <
20
are
exa
min
ed
per
mont
h,
in m
ore
than
one
samp
le.
5
2
7
      
 5
2
8
 
PARAMETER
USE
AND
AGENCY
CRITERIA; STANDARDS; OBJECTIVES; AND GUIDELINES
 
BACTERIA
(cont'd)
 
US Drinking Water Standard (cont'd)
Wisconsin State Standard
Ontario Provincial Drinking Water
Objectives
Recreation
Agreement Objective
US Water Quality Criteria
Canadian Federal Guidelines
Total Coliforms
Objective:
Maximum Limit:
Fecal Coliforms
Objective:
Maximu
m Limi
t:
Michigan State Standard
Fecal Coliforms
Minnesota State Standard
Fecal
Coliform
 
(3)
When 20 or
more are ex
amined per
month, in m
ore than 5
2 of the
samp
les.
When the fe
rmentation
tube method
and 100 ml
standard po
rtions are
used,
colifo
rm bac
teria
shall
not be
presen
t:
(1)
(2)
(3)
In more
than 60%
of the
portion
s in an
y month.
When <5
are exam
ined pe
r month
, in mo
re than
one sam
ple.
When fi
ve or m
ore are
examine
d per m
onth, i
n more
than 20
2 of th
e
samples.
Same a
s U.S.
Drinki
ng Wa
ter St
andard
When a
minimum
of two
distrib
ution s
ystem s
amples
of 100
ml each
are
examine
d each
week by
most pr
obable
numer (
MPN) met
hod or
a membr
ane
filte
r (M
P) me
thod:
(1)
(2)
Fecal C
oliform
s:
Fecal
Strep
tococ
cus:
Patho
gens
(e.g.
Pseud
Omona
s ae
rugin
osa):
0/100
m2
Total
Colifo
rms:
5/100
m£
Excesses re
quire immed
iate actio
n including
additional
sampling
followe
d by ch
lorinat
ion to
a total
chlorin
e resid
ual of
0.5 mg/
£
or a free c
hlorine res
idue of 0.2
mg/l at en
d of distri
bution syst
em
and possible issuance
of boil—water order.
Distribution system s
hould be inspected if
total coliforms in th
e
range of 1-
4/100 m2 ar
e found in
>52 of mont
hly samples
, or if
aeromonas sp. or clos
tridia perfungeus are
>0 in more than 10% o
f
monthly samples. Rem
edial action as in (1
) may be required.
0/
10
0
ml
0/
10
0
ml
substantially free
In a 30-day
period in
<10% of the
samples >40
0/100 ml
<100 ME
N/100 m
2
500
MPN
/lO
O m
l
<20 MPN/lOO ml
200
MPN
/lO
O m2
<200/100 ml for total
body contact waters
<1000/100 ml for all other waters
200 MEN
/100 ml
  
 5
2
9
P
A
R
A
M
E
T
E
R
USE
AND
AGENCY
CRITERIA;
STANDARDS;
OBJECTIVES;
AND
GUIDELINES
B
A
C
T
E
R
I
A
(
c
o
n
t
'
d
)
Recreation
(cont’d)
Wisconsin
State
Standard
Fecal
Coliform
Ontario
Provincial
Criteria
€200/100
m1.
Not
fewer
than
5
samples
collected
per
month.
Not
to
exceed
400/100
mﬁ
in
more
than
10%
of
samples.
In
a
geometric
mean
consisting
of
at
least
10
samples
per
month,
including
weekend
samples,
bacteria
concentrations
must
not
exceed:
Total
Coliform:
1000/100
ml
Fecal
Coliform:
100/100
ml
Enterococcus:
20/100
ml
 
B
A
R
I
U
M
 
R
a
w
W
a
t
e
r
US
Water
Quality
Criteria
Desirable:
P
e
r
m
i
s
s
i
b
l
e
:
Canadian
Federal
Guidelines
Objective:
Acceptable:
Maximum
permissible:
Minnesota
State
Standard
Ontario
Provincial
Criteria
Desirable:
Permissible:
Drinking
water
US
Drinking
Water
Standard
Canadian
Drinking
Water
Objectives
Objective:
Acceptable:
Maximum
permissible:
Ontario
Provincial
Drinking
Water
Objective
Permissible:
D
r
e
d
g
i
n
g
EPA
Dredging
Guidelines
N
o
n
p
o
l
l
ut
e
d
:
Moderately
Polluted:
Heavily
Polluted:
 
absent
1.0 mg/Z
not
detectable
<1.0 mg/Z
1.0
mg/2
1.0 mg/£
absent
1.0
mg/l
1.0
mg/ﬁ
not
detectable
<1.0
mg/R
1.0
mg/l
1.0
mg/£
<20
mg/kg
(dry
weight
basis)
20-60
mg/kg
(dry
weight
basis)
>60
mg/kg
(dry
weight
basis)
 
 5
3
0
P
A
R
A
M
E
T
E
R
USE AND AGENCY
CRITERIA;
STANDARDS;
OBJECTIVES;
AND
GUIDELINES
BORON
Raw water
US Water Quality Criteria
Desirable:
Permissible:
Canadian Federal Guidelines
Acceptable:
Maximum Permissible:
Minnesota State Standard
Ontario Provincial Criteria
Desirable:
Permissible:
Drinking water
‘
Canadian Drinking Water Objectives
Acceptable:
Maximum Permissible:
<5.0
mg/l
5.
0
mg
/2
 
CADMIUM
 
Raw
Water
US
water
Quality
Criteria
Desirable:
Permissible:
Canadian
Federal
Guidelines
Objective:
Acceptable:
Maximum
Permissible:
Minnesota
State Standard
Ontario Provincial Criteria
Desirable:
Permissible:
Drinking
water
US Drinking Water
Standards
Canadian Drinking Water Objectives
Objective:
Acceptable:
Maximum
Permissible:
Wisconsin
State
Standard
Ontario
Provincial Drinking Water
Objective
 
0.01
mg/l
0.01
mg/l
not detectable
<0.01 mg/2
0.01 mg/Q
0.01
mg/2
absent
0.01 mg/£
0.01 mg/l
not detectable
<0.01 mg/z
0.01 mg/£
0.01 mg/l
0.01 mgl£
  
 P
A
R
A
M
E
T
E
R
USE
AND
AGENCY
CRITERIA; STANDARDS; OBJECTIVES; AND GUIDELINES
CADMIUM
(cont'd.)
Fish and Aquatic Life
Proposed Agreement Objective
Canadian Federal Guidelines
Ontario Provincial Criteria
Dredging
EPA
Dredging
Guidelines
Heavily Polluted:
Total cadmium, in unfiltered water sample, should not exceed 0.2 Dg/Q.
Incipient LC50 values for rainbow trout
TH
Cd
range from 39 to 30,500 ug/Q, as total
10 mg/l
1.95 ug/Q
hardness (TH) ranges from 10 to 1000
500 mg/l
550 ug/Q
mg/i; criteria factor is 0.5 of incipient 1000 mg/Q
1525 ug/l
LC50 value
not to exceed 1/500 of 96-hour TLm.
>6 mg/kg (dry weight basis)
CALCIUM
5
3
1
Ram
water
Canadian Federal Guidelines
Objective:
Acceptable:
Drinking
water
Canadian Drinking Water Objectives
Objective:
Acceptable:
<75 mg/£
200 mg/l
<75
mg/£
200 mg/l
CARBON DIOXIDE
Fish and Aquatic Life
US Water Quality Criteria
absent
CARBON CHLOROFORM EXTRACT
  
Raw
water
US Water Quality Criteria
Desirable:
Permissible:
Minnesota State Standard
Ontario Provincial Criteria
Desirable:
Permissible:
Drinking Water
US Drinking Water Standard
Wisconsin
State Standard
Ontario Provincial
Drinking Water
Objectives
 
4 mg/z
mg/l
mg/l
m
O
H
N
C
O
O
<0.04
mg/l
0.15
mg/2
0.2 mg/Z
0 7
mg/i
0.2 mg/l
 
 
 5
3
2
PA
RA
ME
TE
R
US
E
AN
D
AG
EN
CY
CR
IT
ER
IA
;
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
CH
EM
IC
AL
OX
YG
EN
DE
MA
ND
Dr
ed
gi
ng
EP
A
Dr
ed
gi
ng
Gu
id
el
in
es
No
np
ol
lu
te
d:
Mo
de
ra
te
ly
Po
ll
ut
ed
:
He
av
il
y
Po
ll
ut
ed
:
On
ta
ri
o
Pr
ov
in
ci
al
Ma
ri
ne
Co
ns
tr
uc
ti
on
Guide
lines
<40,
000
mg/k
g (d
ry w
eigh
t ba
sis)
40,00
0—80,
000
mg/kg
(dry
weigh
t bas
is)
>80,0
00 mg
/kg
(dry
weigh
t bas
is)
50,0
00 m
g/kg
(dry
weig
ht b
asis
)
CH
LO
RD
AN
E
Raw
Hater
US
Wat
er
Qua
lit
y C
rit
eri
a
Des
ira
ble
:
Per
mis
sib
le:
~
Can
adi
an
Fed
era
l G
uid
eli
nes
Obj
ect
ive
and
Acc
ept
abl
e:
Max
imu
m p
erm
iss
ibl
e:
Mich
igan
Stat
e St
anda
rd
Ont
ari
o P
rov
inc
ial
Cri
ter
ia
Des
ira
ble
:
Permis
sible:
Drinkin
g water
Can
adi
an
Dri
nki
ng
Wat
er
Obj
ect
ive
s
Obj
ect
ive
and
Acc
ept
abl
e:
Max
imu
m p
erm
iss
ibl
e:
Wisc
onsi
n St
ate
Stan
dard
Fis
h a
nd A
qua
tic
Lif
e
Pro
pos
ed
Agr
eem
ent
Obj
ect
ive
Ont
ari
o P
rov
inc
ial
Cri
ter
ia
abs
ent
0.
00
3
mg
/i
not
det
ect
abl
e
0.
00
3
m
g
/
l
0.
00
3
mg
/l
abs
ent
0.
00
3
mg
/l
no
t
de
te
ct
ab
le
0
.
0
0
3
m
g
/
l
0.
00
3
mg
/Z
0.
06
0
ug
/Z
no
t
to
ex
ce
ed
1/
10
to
1/
10
0
of
48
—h
ou
r
TLI
n
 
CH
LO
RI
DE
 
Raw water
US W
ater
Qual
ity
Crit
eria
Desir
able:
Per
mis
sib
le:
Can
adi
an
Fed
era
l G
uid
eli
nes
Obj
ect
ive
:
Acc
ept
abl
e:
Mich
igan
Stat
e St
anda
rd
Minn
esot
a St
ate
Stan
dard
 
<2
5
mg
/l
25
0
mg
/l
<ZSO mg/2
25
0
mg
/9
.
<5
0
mg
/l
(m
on
th
ly
av
er
ag
e)
fo
r
Gr
ea
t
La
ke
s
wa
te
rs
<1
25
mg
/Q
(m
on
th
ly
av
er
ag
e)
fo
r
al
l
ot
he
r
wa
te
rs
50
m
g
/
l
 
  
5
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PARAMETER
USE AND AGENCY
CRITERIA; STANDARDS; OBJECTIVES; AND GUIDELINES
CHLORIDE {cont'd.)
Raw Water (cont’d.)
Ontario Provincial Criteria
Desir
able:
Permissible:
Drinking Water:
US Drinking
Water Stan
dard
Canadian Drinking Water Objectives
Objective:
Accep
table
:
Wisconsin State Standard
Ontario Provincial Drinking Water
Objectives
<25
mg/Q
250
mg/l
250
mg/2
<250 mg/R
250
mg/£
250 mg/2
250
mg/SL
CHLORINE
Drinking Water
US Drinking
Water Stan
dard
Fish and Aquatic Life
Proposed Agreement Objective
Michigan State Standard
no le
ss t
han
0.2 m
g/£
0.002
mg/Q
Sensitive Fish: an application factor of 96—hour TLm.
Warm Water Fish: an
application factor of
96-hour TLm.
CHLORO
PHENOX
Y GROU
P ((2,
4—
DICHLO
ROPHEN
OXY)AC
ETIC
ACID)
Drinking Water
US Drinking Water Standard
Wisconsin State Standard
Fish and Aquatic Life
US Water Quality Criteria
0.
1
mg
/l
0.02 mg/£ for (2,4—dichlorophenoxy)acetic acid
0.03 mg/l for (2,4,S-trichlorophenoxy)acetic acid
0.1
mg/2
 
CHROMIUM
 
Raw
Water
Proposed Agreement Objective
US Water Quality Criteria
Canadian Federal Guidelines
Objective:
Accep
table
:
Maximum Permissible:
Michigan State Standard
Minnesota State Standard
Ontario Provincial Criteria
Desirable:
Permissible:
 
Total chromium in unf
iltered water sample
not to exceed 0.05 mg
/l
0.05
mg/£
not detectable
<0.05
mg/l
0.05
mg/l
0.
02
mg
/l
0.
05
mg
/l
absent
0.05
mg/R
  
 5
3
4
  
PARAMETER
USE AND AGENCY
CRIT
ERIA
; S
TAND
ARDS
; OB
JECT
IVES
; AN
D GU
IDEL
INES
CHROMIUM (cont 'd.)
Drinking water
US Drinking
Water Stand
ard
Canadian Drinking Water Objectives
Objec
tive:
Accep
table
:
Maximum Per
missible:
Michigan St
ate Standar
d
Minnesota
State Stand
ard
Wisconsin State Standard
Ontari
o Prov
incial
Drinki
ng Wat
er
Objec
tive
Fish and Aq
uatic Life
US Wat
er Qua
lity
Criter
ia ‘
Minnes
ota S
tate S
tandar
d
Ontari
o Prov
incial
Standa
rd
Dred
ging
EPA Dr
edging
Guidel
ines
Non
pol
lut
ed:
Mod
era
tel
y P
oll
ute
d:
Heav
ily
Poll
uted
:
0.
05
mg
/l
not
det
ect
abl
e
<0
.0
5
mg
/£
0.
05
mg
/l
0.
05
mg
/l
0.
05
mg
/2
0.
05
mg
/i
0.
05
mg
/l
Coa
l-c
oki
ng
wast
es:
fre
shw
ate
r f
ish
0.02
to 0
.1
mg/
i
Coa
l—t
ar
wast
es:
fre
shw
ate
r f
ish
0.02
to
0.1
mg/
Q
0.
02
ru
g/
2,
not
exc
eed
1/1
00
of
96—
hou
r T
Lm
<25
mg/
kg
(dr
y w
eig
ht
bas
is)
25—
75
mg/
kg
(dr
y w
eig
ht
bas
is)
>75
mg/
kg
(dr
y w
eig
ht
bas
is)
 
COLOUR VALUE
 
Raw
water
US W
ater
Qual
ity
Crit
eria
Desir
able:
Permis
sible:
Minn
esot
a St
ate
Stan
dard
Wisco
nsin
State
Standa
rd
Dri
nki
ng
wat
er
US D
rin
kin
g W
ate
r S
tan
dar
d
Cana
dian
Drin
king
Wate
r Ob
ject
ives
Obj
ect
ive
:
Acc
ept
abl
e:
Michi
gan St
ate S
tandar
d
Ont
ari
o P
rov
inc
ial
Dri
nki
ng
Wat
er
Objec
tives
Recre
ation
Canad
ian
Feder
al G
uidel
ines
Ob
je
ct
iv
e:
Maxim
um Lim
it:
 
10
un
it
s
75
un
it
s
15
un
it
s
Colo
r to
inte
rfer
e wi
th p
ubli
c ri
ghts
: n
ot p
rese
nt
15 units
<5
TCU
uni
ts
15 TCU
units
75 u
nits
5 un
its
<15
units
100
units
  
 PARAMETER
USE AND AGENCY
CRITERIA, STANDARDS; OBJECTIVES; AND GUIDELINES
COLOUR
VALUE
(c0nt'd.)
Fish and Aquatic Life
US Water Quality Criteria
Minnesota State Standard
Ontario Provincial Criteria (Platinum
cobalt standard)
Desirable:
Permissible:
10% light transmission
30 units
<5 units
75 units
COPPER
5
3
5
  
Raw Water
US Water Quality Criteria
Desirable:
Permissible:
Canadian Federal Guidelines
Objective:
Acceptable:
Minnesota State Standard
Ontario Provincial Criteria
Desirable:
Permissible:
Drinking
water
Canadian Drinking Water Objectives
Objective:
Acceptable:
Wisconsin State Standard
Ontario Provincial Drinking Water
Objective
Fish and Aquatic Life
Proposed Agreement Objective
Canadian Federal Guidelines
Minnesota State Standard
Ontario Provincial Criteria
Dredging
EPA
Dredging
Guidelines
N
o
n
p
o
l
l
u
t
e
d
:
 
1 0 mg/£
1.0
mg/l
o
01
mg
/2
1.0
mg/l
1 0 mg/Q
virtually absent
1.0
mg/£
0 01
mg/£
1.0 mg/i
1 0
mg/l
1.0 mg/l
Total copper in unfiltered water sample not to exceed 0.005 mg/l.
Incipient LC50 values for rainbow trout
TH
Cu
range from 30 to 1230 ug/l, as Total
10—60 mg/l
3.9-16.5 Ug/ﬁ
Hardness ranges from 10 to 1000 mg/l;
60—120 mg/l 16.5—17.8 ug/£
criteria factors are 0.13 (TH<60 mg/l), 120—1000 mg/Z 17.8—36.9 ug/l
0.08 (TH = 61—120 mg/Q), and 0.03
(TH>120 mg/l) of LC50 value
0.01 mg/£ or not greater than 0.1 of 96-hour TLm
Maximum concentration at any time or place <1/12 of 96-hour TLm.
For continuous exposure — maximum 3—72 of 96—hour TLm.
<25 mg/kg (dry weight basis)
 
   
5
3
6
PARA
METE
R
US
E
AN
D
AG
EN
CY
C
R
I
T
E
R
I
A
;
S
T
A
N
D
A
R
D
S
;
O
B
J
E
C
T
I
V
E
S
;
A
N
D
G
U
I
D
E
L
I
N
E
S
COP
PER
(co
nt'
d.)
Dr
ed
gi
ng
(c
on
t’
d.
)
Mo
de
ra
te
ly
Po
ll
ut
ed
:
He
av
il
y
Po
ll
ut
ed
:
25
-5
0
mg
/k
g
(d
ry
we
ig
ht
ba
si
s)
>5
0
mg
/k
g
(d
ry
we
ig
ht
ba
si
s)
CY
AN
ID
E
Ra
w
Wa
te
r
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Ob
je
ct
iv
e:
A
c
c
e
p
t
a
b
l
e
:
M
a
xi
m
um
pe
rm
is
si
bl
e:
Mi
ch
ig
an
St
at
e
St
an
da
rd
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
Mi
nn
es
ot
a
St
at
e
St
an
da
rd
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
De
si
ra
bl
e:
P
e
r
m
i
s
s
i
b
l
e
:
Dr
in
ki
ng
Wa
te
r
US
Dr
in
ki
ng
Wa
te
r
St
an
da
rd
Ca
na
di
an
Dr
in
ki
ng
Wa
te
r
Ob
je
ct
iv
es
Ob
je
ct
iv
e:
A
c
c
e
p
t
a
b
l
e
:
Ma
xi
mu
m
pe
rm
is
si
bl
e:
Wi
sc
on
si
n
St
at
e
St
an
da
rd
On
ta
ri
o
Pr
ov
in
ci
al
Dr
in
ki
ng
Wa
te
r
Ob
je
ct
iv
es
Fi
sh
an
d
Aq
ua
ti
c
Li
fe
Pr
op
os
ed
Ag
re
em
en
t
ob
je
ct
iv
e
Dred
ging
EP
A
Dr
ed
gi
ng
Gu
id
el
in
es
No
np
ol
lu
te
d:
Mo
de
ra
te
ly
Po
ll
ut
ed
:
He
av
il
y
Po
ll
ut
ed
:
ab
se
nt
0
.
2
m
g
/
2
no
t
d
e
t
e
c
t
a
b
l
e
0
.
0
1
m
g
/
l
0
.
2
0
m
g
/
i
ab
se
nt
0
.
2
m
g
/
l
0
.
0
1
m
g
/
i
a
b
s
e
n
t
0
.
2
m
g
/
l
0
.
2
m
g
/
£
no
t
de
te
ct
ab
le
0
.
0
1
m
g
/
l
0
.
2
0
m
g
/
£
0
.
2
m
g
/
l
0
.
0
1
m
g
/
l
Fr
ee
cy
an
id
e
in
un
fi
lt
er
ed
wa
te
r
sa
mp
le
sh
ou
ld
no
t
ex
ce
ed
0.
00
5
mg
/£
.
<0
.1
0
mg
/k
g
(d
ry
we
ig
ht
ba
si
s)
0.
10
-0
.2
5
mg
/k
g
(d
ry
we
ig
ht
ba
si
s)
>0
.2
5
mg
/k
g
(d
ry
we
ig
ht
ba
si
s)
 
DD
T
 
Ra
w
Wa
te
r
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
De
si
ra
bl
e:
P
e
r
m
i
s
s
i
b
l
e
:
 
ab
se
nt
0
.
0
0
1
m
g
/
z
 
   
PARAMETER
 
USE AND AGENCY
CRITERIA,
STANDARDS
, OBJECT
IVES; AND
GUIDELINE
S
  
DDT
(cont’d.)
5
3
7
Ram
water
(c0nt'd.)
Canadian Federal Guidelines
Objective and Acceptable:
Maximum permissible:
Michigan State Standard
Ontario Provincial Guideline
Desirable:
Permissible:
Drinking Water
US Drinking Water Standard
Canadian Drinking Water Objectives
Objective and acceptable:
Maximum permissible:
Wisconsin State Standard
Fish and Aquatic Life
Ontario Provincial Criteria
Consumers of Fish and Aquatic Life
Canada Health Protection Guideline
not detectable
0.042
mg/R
0.042
mg/Q
absent
0.0
42
mg/
l
recommended 0.05 mg/Q
not detectable
0.042
rug/2
0.05
mg/Y.
not to exceed 1/10 to 1/100 of 48-hour TLm
5 ug/g in edible portion of fish.
  
DDT PLUS METABOLITES
Fish and Aquatic Life
Proposed Agreement Objective
Consumers of Fish and Aquatic Life
Proposed Agreement Objective
FDA Guideline
0.003 ug/z
1.0 ug/g in whole fish on a wet weight basis.
5.0 ug/g in edible portion of fish for each or any combination of DDT
DDE, and DDD.
)
 
 
DIAZINON
Fish and Aquatic Life
Proposed Agreement Objective
In unfiltered water sample should not exceed 0.08 ug/Z.
   
‘ DIELDRIN
(See also Aldrin)
  
Raw
Water
US Water Quality Criteria
Canadian Federal Guidelines
Objective and Acceptable:
Maximum permissible:
Michigan State Standard
Ontario
Provincial
Criteria
Desirable:
P
e
r
m
i
s
s
i
b
l
e
:
 
0.01 mg/l
not detectable
0.017 mg/l
0.017 mg/l
absent
0.017
mg/Q
  
 5
3
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PARAMETER
USE AN
D AGEN
CY
CR
IT
ER
IA
;
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
DIELDRIN (cont'd.)
Drinking Water
US Dri
nking
Water
Standa
rd
Canadia
n Drink
ing Wat
er Obje
ctives
Obje
ctiv
e an
d Ac
cept
able
:
Maxim
um pe
rmiss
ible:
Wiscon
sin S
tate S
tandar
d
Fish and Aquatic Life
Ontari
o Pro
vincia
l Crit
eria
Consume
rs of F
ish and
Aquatic
Life
FDA Guideline
absent
recommended
<0.003 mg/l
no
t
de
te
ct
ab
le
0.
01
7
mg
/l
0.
00
1
mg
/l
not
to
exc
eed
l/l
O t
o 1
/10
0 o
f 4
8-h
our
TLm
0.3
ug/
g i
n e
dib
le
por
tio
n o
f f
ish
and
she
llf
ish
.
DISSOLVED MATERIALS
Fish and Aq
uatic Life
US Wat
er Qua
lity
Criter
ia
shou
ld
not
exc
eed
1500
mg/
l
 
DISSOLVED OXYGEN
 
Raw
water
Agreeme
nt Obje
ctive
US W
ater
Qual
ity
Crit
eria
Desirable:
Permissible:
Michi
gan S
tate
Standa
rd
Ontari
o Pro
vincia
l Cri
teria
Desir
able:
Per
mis
sib
le:
Fish and Aq
uatic Life
Agreeme
nt Obje
ctive
Proposed A
greement O
bjective
Michigan S
tate Standa
rd
Minnes
ota S
tate
Standa
rd
 
Upper
water
s of
lakes
not l
ess
than
6.0 m
g/l.
near
satu
rati
on
mon
thl
y m
ean
24.0
mg/
2
ind
ivi
dua
l
sam
ple
23.
0 m
g/l
6.0
mg/l
, mi
nimu
m in
Grea
t La
kes,
conn
ecti
ng c
hann
els,
and
trOu
t wa
ters
5.0 m
g/l,
daily
avera
ge f
or al
l ot
her w
aters
excep
t in
land
lakes
4.0 m
g/l,
absol
ute m
inimu
m fo
r all
other
water
s exc
ept
inlan
d lak
es
5.0-6.0
mg/l fo
r inlan
d lakes
near
satu
rati
on
mon
thl
y m
ean
>4.
0 m
g/l
Ind
ivi
dua
l s
amp
le
23.0
mg/
£
Hypo
limn
etic
wate
rs n
ot l
ess
than
nece
ssar
y to
supp
ort
fish
life
.
(1)
Shou
ld b
e no
t le
ss t
han
(mg/
1) =
1.41
M -
0.04
76 M
2 -
1.11
, wh
ere
M =
nat
ura
l m
ini
mum
and
ass
ume
d t
o b
e s
atu
rat
ion
unle
ss
sci
ent
ifi
c
data
show
that
natu
ral
leve
ls w
ere
less
than
satu
rati
on i
n th
e
absen
ce o
f man
—made
effec
ts.
(2)
Sho
uld
not
be
less
than
6 mg
/l.
6.
0
mg
/l
From
Octo
ber
lst
thro
ugh
May
3lst
not
less
than
7.0
mg/i
.
Oth
er
tim
es
not
les
s t
han
6.0
mg/
Q.
   
  
PARAMETER
USE AND AGENCY
CRITERIA, STANDARDS, OBJECTiVES, AND GUIDELINES
DISSOLVED OXYGEN (cont’d.)
Fish and Aquatic Life (cont’d.)
Wisconsin State Standard
Ontario Provincial Criteria
5.0 mg/R except trout (6.0 mg/l), and 7.0 mg/R in spawning season.
Warm water biota — at all times should be above 5.0 mg/l.
Cold water biota - spawning areas not less than 7.0 mg/l.
Cold water biota — other areas not less than 6.0 mg/l.
In certain situations, when other water quality conditions are favorable,
concentrati
ons may ra
nge for:
Warm water biota — between 4.0— .0
Cold water biota — be
tween 5.0-6.0 mg/Q
DISSOLVED SOLIDS
(see also "Total Dissolved
Solids")
Raw
Water
Michigan State Standard (all waters) Monthly average — not to exceed 500 mg/Q.
At any time - not to
exceed 750 mg/i.
Monthly average - not
to exceed 500 mg/2.
At any time — not to exceed 750 mg/2.
Wisconsin State Standard
  
5
3
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ENDOSULFAN
Fish and Aquatic Life
US Water Quality Criteria
Ontario Provincial Criteria
0.003
ug/m
not to exceed 1/10 to 1/100 of 48—hour TLm
 
ENDRIN
 
Raw water
US Water Quality Criteria
Desirable:
Permissible:
Canadian Federal Guidelines
Objective and Acceptable:
Maximum and permissible:
Ontario Provincial Criteria
Desirab
le:
'
Permissible:
Drinking water
US Drinking Water Standard
Canadian Drinking Water Objectives
Objective and Acceptable:
Maximum permissible:
Wisconsin State Standard
 
abs
ent
0.2
ug/2
not detectable
0.001
mg/£
absent
0.0
01
mg/
l
0.0
002
mg/
2
not detectable
0.0
01
mg/
a
0.0005
mg/l
 
 5
4
0
 
PARAMETER
USE AND AGENCY
CR
IT
ER
IA
;
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
ENDRIN (c0nt’d.) Fish and Aquatic Lifb
Proposed Agreement Objective
Michigan State Standard
Ontario Provincial Criteria
Cbnsumers of Fish and Aquatic Lifé
Proposed Agreement Objective
FDA Guideline
0.0
02
ug/
£
an app
licati
on fa
ctor o
f 96-h
our TL
m.
not
to e
xcee
d 1/
10 t
o 1/
100
of 4
8-ho
ur T
Lm.
0.3
ug/
g i
n e
dibl
e p
ort
ion
of
fish
.
.
0.3 u
g/g
in ed
ible
porti
on o
f fis
h and
shell
fish.
FLOATING MATERIALS
Raw
Water
Michigan State Standard (all waters)
Wisconsin State Standard
Fish and Aquatic Lifé
Agreement Objective
US Water Qu
ality Crite
ria
absent
Float
ing
or su
bmerg
ed d
ebris
, oil
, sc
um,
or ot
her
mater
ial
shall
be a
bsent
Waters
should b
e free
from un
sightly
or dele
terious
amounts.
All flo
ating m
aterial
s of fo
reign o
rigin s
hould b
e exclu
ded.
 
FLUORIDE
 
Raw Water
Proposed Agreement Objective
US Water Qu
ality Crite
ria
Canadian Fe
deral Guide
lines
Objective:
Acceptable:
Maximum per
missible:
Minnesota State Standard
Ontario Provincial Criteria
Drinking water
US Drinking Water Standard
Canadian Drinking Wat
er Objectives
Objec
tive:
Acceptable:
M
a
xi
m
um
permissible:
 
Total f
luoride
in unfi
ltered
water s
ample s
hould n
ot exce
ed 1.2
mg/£.
Recomme
nds no
desirab
le conc
entrati
ons.
1.
2
mg
/l
1.2
:0.
1 m
g/l
1.5
mg/£
1.
5
mg
/i
Annual ave
rage of max
imum daily
air tempera
ture:
10.0—1
2.05°C
recomm
ended
1.7 mg
/l
12.1—14
.6°C re
commend
ed 1.5
mg/l
l4.7-
17.7°
C re
comme
nded
1.3 m
g/l
Tempe
ratur
e in
°C:
12.
0 a
nd
bel
ow
1 8
mg/
l
12.1
to 14
.6
1 7 m
g/l
14.7
to 17
.6
1.5 m
g/l
17.7
to 2
1.4
1.4
mg/
l
21.5
to 26
.2
1 2 m
g/l
26.3
to 32
.5
1 1 m
g/1
0.
2
mg
/2
   
  
5
4
1
PARAMETER USE AN
D AGEN
CY CRIT
ERIA;
STAND
ARDS;
OBJEC
TIVES
;
AN
D
GU
ID
EL
IN
ES
FLUORIDE (c0nt'd.) Drinki
ng Wat
er (c
ant’d.
)
Michig
an St
ate St
andard
Ont
ari
o P
rov
inc
ial
Dri
nki
ng
Wat
er
Objec
tives
Whe
re
fluo
ride
is n
atu
ral
ly
pres
ent:
Ave
rag
e c
onc
ent
rat
ion
:
Permis
sible:
Whe
re
flu
ori
de
is
add
ed:
Rec
omm
end
ed:
Per
mis
sib
le
ran
ge:
Tempe
ratur
e in
°C:
12.0
and
bel
ow
12.1 t
o 14.6
1
mg
/l
1
14.7
to 17.
6
1.
l
l
l
8
7
mg
/Q
5
m
g
/
l
17.
7
to
21.
4
.4
mg/
l
21.5 t
o 26.2
2
1
26.3 to 32.5
mg
/Z
mg
/l
1.2
mg/l
2.4
mg/Q
1.0
mg/l
0.8
to
1.2
mg/
l
GUT
HIO
N
Fish
and A
quati
c Lif
e
Propo
sed
Agree
ment
Objec
tive
In un
filte
red w
ater
sampl
e sho
uld
not
excee
d 0.
005
ug/l.
 
HEPTA
CHLOR
 
Raw
water
US W
ater
Qual
ity
Crit
eria
Desir
able:
Per
mis
sib
le:
Canadi
an Fe
deral
Guidel
ines
Obje
ctiv
e an
d Ac
cept
able
:
Max
imu
m pe
rmis
sibl
e:
Michig
an St
ate S
tandar
d
Ontar
io P
rovin
cial
Crite
ria
Des
ira
ble
:
Permissible:
Drinkin
g water
US Dri
nking
Water
Standa
rd
Canadian Drinking Wat
er Objectives
Objective
and Accepta
ble:
Maximum per
missible:
Wisconsin
State Stand
ard
Fish and Aq
uatic Life
Ontario Provincial Criteria
 
absent
absent
not det
ectable
0.
01
8
mg
/£
0.0
18
mg/
l
absent
0.
01
8
mg
/£
The pe
rsiste
nce,
bioacc
umulat
ion p
otenti
al, a
nd ca
rcinog
enicit
y caut
ions
human
expos
ure
to a
minim
um.
not det
ectable
0.
01
8
mg
/2
0.
00
1
mg
/l
not
to
exc
eed
1/1
0
to
1/1
00
of
48-
hou
r
TLm
  
 5
4
2
PARAMETER
USE AND AGENCY
CRI
TER
IA,
STA
NDA
RDS
, O
BJE
CTI
VES
, A
ND
GUI
DEL
INE
S
HEPTACHLOR PLUS
HEPTACHLOR EPOXIDE
Fish and Aquatic Life
Proposed Agreement Objective
Consumers of Fish and Aquatic Life
Proposed Agreement Objective
FDA
Guideline;
0.0
01
ug/
k
0.3 ug/g
in edib
le port
ion of
fish.
0.3 ug/g in
edible port
ion of fish
and shellfi
sh.
HEPTACHLOR EPOXIDE
Raw
water
US Water Quality Criteria
Desirable:
Permissible:
Canadian Federal Guidelines
Objective a
nd Acceptab
le:
Maximum permissible:
Ontario Provincial Criteria
Desirable:
Permissible:
Drinking water
US Drinking Water Standard
Canadian Drinking Water Objectives
Objective and Acceptable:
Maximum permissible
Wisconsin State Standard
absent
0.0
18
mg/
R
not detectable
0.0
18
mg/
l
absent
0.0
18
mg/
l
0.0
001
mg/
l
not detectable
0.018
mg/l
o. 0
001
rug
/2
 
HERBICIDES
Raw water
US Water Quality Criteria
Desirable:
Permissible:
Canadian Federal Guidelines
Objective and Acceptable:
Maximum permissible:
Ontario Provincial Criteria
Desirable:
Permissible:
Fish and Aquatic Life
Ontario Provincial Criteria
  
absent
0.
1
mg
/Z
not detectable
0.1
00
mg
/l
absent
0.
1
mg
/2
not to exceed 1/10 to l/lOO of 48-hour TLm
   
  
5
4
3
 
P
A
R
A
M
E
T
E
R
USE AND AGENCY
CRITERIA; STANDAR
DS; OBJECTIVES; A
ND GUI
DELIN
ES
HYDROGEN
SULFIDE
Raw water
Canadian Federal Guidelines
Objective:
Acceptable:
Ontario Provincial Criteria (Ground
Water Supply)
Desirable:
Permissible:
Drinking water
Canadian Drinking Water Objectives
Objective:
Acceptable:
Fish and Aquatic Life
Proposed Agreement Objective
Michigan State Standard
Dredging
EPA Dredging Guidelines
not detectable
0.
3
mg
/£
absent
0.1
mg/l
not detectable
0.3
mg/i
undissociated H23 should not exceed 0.002 mg/l.
an application factor of 96—hour TLm.
tests recommended
IMMEDIATE OXYGEN
DEMAND
Dredging
EPA Dredging Guidelines tests recommended
IRON
 
Raw water
Agreement Objective
US Water Quality Criteria (filterable)
Desirable:
Permissible:
Canadian Federal Guidelines (dissolved)
Objective:
Acceptable:
Michigan State Standard (filterable)
Minnesota State Standard
Ontario Provincial Criteria
Desirable:
Permissible:
Drinking water
US Drinking Water Standard
Canadian Drinking Water Objectives
(dissolved)
Objective:
A
c
c
e
p
t
a
b
l
e
:
 
not to exceed 0.3 mg/R
virtually absent
0.3
mg/£
<0.05
mg/IL
0.3
mg/i
0.3
mg/l
0.3
mg/l
virtually absent
0.
3
mg
/l
0.
3
mg
/l
<0.05
mg/Q
0.3 mg/l
  
 PARAMETER
USE AND AGENCY
CR
IT
ER
IA
,
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
IRON (cont'd.)
Drinking Wa
ter (cont'd
.)
Wiscon
sin S
tate S
tandar
d
Ontari
o Prov
incial
Drinki
ng Wa
ter
Objectives
Fish
and A
quati
c Li
fe
Propose
d Agree
ment Ob
jective
Dredging
EPA Dr
edging
Guidel
ines
Nonpol
luted:
Mod
era
tel
y P
ollu
ted:
Heavily
Polluted
:
0.
3
mg
/l
0
.
3
m
g
/
l
To
ta
l
ir
on
in
un
fi
lt
er
ed
wa
te
r
sa
mp
le
no
t
to
ex
ce
ed
0.
3
mg/
i.
<17
,00
0 m
g/k
g
(dr
y w
eig
ht
bas
is)
l7,
000
—25
,00
0
mg/
kg
(dr
y w
eig
ht
bas
is)
>25
,00
0 m
g/k
g
(dr
y w
eig
ht
bas
is)
Cons
umer
s of
Fish
and
Aqua
tic
Life
FDA Gu
idelin
e
0.1
ug/
g i
n e
dib
le
por
tio
n o
f
fis
h,
she
llf
ish
,
and
cra
bs.
5
4
4
  
Raw
water
US
Wat
er
Qua
lit
y C
rit
eri
a
Des
ira
ble
:
Per
mis
sib
le:
Can
adi
an
Fed
era
l G
uid
eli
nes
Obj
ect
ive
:
Acc
ept
abl
e:
Ma
xi
mu
m:
Minn
esot
a St
ate
Stan
dard
Ont
ari
o P
rov
inc
ial
Cri
ter
ia
Des
ira
ble
:
Permis
sible:
Dri
nki
ng
Wat
er
US
Dri
nki
ng
Wat
er
Sta
nda
rd
Can
adi
an
Dri
nki
ng
Wat
er
Obj
ect
ive
s
Obj
ect
ive
:
Accep
table
:
Max
imu
m
per
mis
sib
le:
Wis
con
sin
Sta
te
Sta
nda
rd
Ont
ari
o P
rov
inc
ial
Dri
nki
ng
Wat
er
Objectives
 
abs
ent
0
.
0
5
m
g
/
l
not
det
ect
abl
e
<0
.0
5
m
g
/
l
0.
05
mg
/l
0.
05
mg
/l
abs
ent
0.
05
mg
/l
0.
05
mg
/l
not
det
ect
abl
e
<0
.0
5
mg
/l
0.
05
mg
/l
0.
05
mg
/R
0.
05
mg
/l
  
  
5
4
5
PARAMETER
USE
AND
AGE
NCY
CR
IT
ER
IA
;
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
LEAD (cont'd.)
Dred
ging
EPA Dr
edging
Guidel
ines
Nonpolluted:
Moder
ately
Pollu
ted:
Heav
ily
Poll
uted
:
Fish
and A
quati
c Lif
e
Pro
pos
ed
Agr
eem
ent
Obj
ect
ive
Canad
ian F
edera
l Gu
ideli
nes
Ont
ari
o P
rov
inc
ial
Cri
ter
ia
Con
sum
ers
of
Fis
h a
nd
Aqu
ati
c L
ife
Can
ada
Hea
lth
Pro
tec
tio
n G
uid
eli
ne
<40
mg/
kg
(dr
y w
eig
ht
bas
is)
40—
60
mg/
kg
(dr
y w
eig
ht
bas
is)
>60
mg/
kg
(dr
y w
eig
ht
bas
is)
Tot
al
lea
d i
n u
nfi
lte
red
wat
er
sam
ple
sho
uld
not
exc
eed
10
ug/
Q i
n
Lak
e S
upe
rio
r,
20
ug/
l i
n L
ake
Hur
on,
and
25
ug/
l
in
all
rem
ain
ing
Gre
at
Lak
es.
Inc
ipi
ent
LC5
0 v
alu
es
for
rai
nbo
w t
rou
t r
ang
e f
rom
770
to
130
0 u
g/Q
, a
s
tot
al
har
dne
ss
(TH
)
ran
ges
fro
m 1
0 t
o 6
0 m
g/l
;
cri
ter
ia
fac
tor
is
0.1
0 o
f
LC 5 0
valu
e.
TH
Pb
10-
50
mg
/i
77—
130
ug/
Q
At
any
tim
e n
ot
to
exc
eed
1/2
0 o
f 9
6—h
our
TLm
24—
hou
r a
ver
age
,
aft
er
mix
ing
not
to
exc
eed
l/l
OO
of
96-
hou
r T
Lm.
10
pg/
g i
n m
ari
ne
and
fre
sh
wat
er
ani
mal
pro
duc
ts.
 
LIN
DAN
E
 
Raw
Water
US W
ater
Qual
ity
Crit
eria
Des
ira
ble
:
Permis
sible:
Drinkin
g Water
US
Dri
nki
ng
Wat
er
Sta
nda
rd
Wisc
onsi
n St
ate
Stan
dard
Fish
and A
quati
c Lif
e
Propose
d Agree
ment Ob
jective
Cons
umer
s of
Fish
and
Aqua
tic
Life
Propo
sed
Agree
ment
Objec
tive
FDA Guideline
 
absent
0.
1
mg
/2
0.0
04
mg/
£
0.0
05
mg/
2
0.
01
0
ug
/z
0.3
ug/
g i
n e
dib
le
por
tio
n o
f f
ish
0.5
ug/
g i
n f
rog
leg
s.
  
 5
4
6
PARAMETER
USE AND AGENCY
CR
IT
ER
IA
;
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
LINEAR ALKYLATE SULFONATE
(LAS)
Fish and Aquatic Life
US Water Quality Criteria
Ontario Provincial Criteria
not
to
exc
eed
0.2
mg/
l o
r 1
/7
of
the
48—
hou
r T
Lm
not
to
exc
eed
1/7
of
the
48-
hou
r T
Lm
MAGNESIUM
Raw Water
Canadian Federal Guidelines
Objec
tive:
Acceptable:
Drinking water
Canadian Drinking Wat
er Objectives
Objective:
Accep
table
:
<5
0
mg
/£
150
mg/l
<5
0
mg
/l
150
mg/1
 
MANGANESE
 
Raw Water
US Water Quality Criteria
Desirable:
Permissible
: (total)
Canadian Federal Guidelines
Objective:
Acc
ept
abl
e:
Minnesota State Standard
Ontario Provincial Cr
iteria (filterable)
Desirable:
Permissible:
Drinking water
US Drinking Water Standard
Canadian Drinking Wat
er Objectives
Objective:
Accep
table
:
Wisconsin State Standard
Ontario
Provinc
ial Dri
nking W
ater
Objectives
Dredging
EPA Dredgin
g Guideline
s
Nonpol
luted:
Moderately
Polluted:
Heavily
Pollute
d:
 
abs
ent
0.
05
mg
/k
<0.
01
mg/
Z
0.
05
mg
/l
0.05
mg/£
absent
0.05
mg/£
0.05
mg/1
<0.01
mg/l
0.05
Ins/IL
0.05
mg/l
0.
05
mg
/l
<300
mg/
kg
(dry
wei
ght
basi
s)
300
-50
0 m
g/k
g (
dry
wei
ght
bas
is)
>500
mg/
kg
(dry
wei
ght
basi
s)
   
  
5
4
7
PARA
METE
R
USE
AN
D
AG
EN
CY
CR
IT
ER
IA
;
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
MERCURY
Drinking water
US Drinking
Water Stan
dard
Wisconsin
State Stand
ard
Fish and Aq
uatic Life
Agreeme
nt Obje
ctive
Propose
d Agree
ment Ob
jective
Ontario Pro
vincial Cr
iteria
Dredging
EPA Dredgin
g Guideline
s
Nonpolluted:
Heav
ily
Poll
uted
:
Ontar
io Pr
ovinc
ial M
arine
Const
ructi
on
Guidelines
Consum
ers o
f Fish
and Aq
uatic
Life
Propose
d Agree
ment Ob
jective
FDA Guideline
Cana
da H
ealt
h Pr
otec
tion
Guid
elin
e
0.0
02
mg/
£
0.0
02
mg/I
Z,
Dis
cha
rge
s a
ttr
ibu
tab
le
to
hum
an
act
ivi
ty
sho
uld
be
fre
e o
f
con
cen
tra
tio
ns
tha
t a
re
tox
ic
or
har
mfu
l
to
lif
e.
Tot
al
mer
cur
y
in
fil
ter
ed
wat
er
sam
ple
sho
uld
not
exc
eed
0.2
pg/
l.
sho
uld
be
avo
ide
d
<l.
0 m
g/k
g (
dry
wei
ght
bas
is)
>l.
0 m
g/k
g (
dry
wei
ght
bas
is)
0.3
mg/
kg
(dry
wei
ght
basi
s)
0.5
ug/
g i
n w
hol
e f
ish
on
a w
et
wei
ght
bas
is.
0.5
ug/
g i
n e
dib
le
por
tio
n o
f f
ish
,
oys
ter
s,
and
cla
ms
and
shr
imp
and
sim
ila
r s
hel
lfi
sh.
0.5
ug/
g i
n e
dib
le
por
tio
n o
f f
ish
.
MET
HOP
REN
E
Consum
ers o
f Fish
and Aq
uatic
Life
FDA Guideline
0.1
ug/
g i
n e
dibl
e p
ort
ion
of
fish
(and
pen
din
g f
or
she
llf
ish
)
 
MET
HOX
YCH
LOR
 
Raw
water
US Wat
er Qua
lity
Criter
ia
Desir
able:
Per
mis
sib
le:
Canad
ian
Feder
al Gu
ideli
nes
Obje
ctiv
e an
d Ac
cept
able
:
Max
imu
m p
ermi
ssib
le:
Ontari
o Pro
vincia
l Crit
eria
Des
ira
ble
:
Permissible:
Drinking water -
US Drinking
Water Stand
ard
Canadian Drinking Wat
er Objectives
Objective a
nd Acceptab
le:
Maximum per
missible:
Wisconsin
State
Standard
 
abs
ent
0.1
mg/£
not
det
ect
abl
e
0.035
mg/l
abs
ent
0.0
35
mg/
l
0.1
mg/l
not
det
ect
abl
e
0.0
35
mg/
l
0.1
mg/Z
  
  
PARAMETER
USE AND AGENCY
CRI
TER
IA;
STA
NDA
RDS
;
OBJ
ECT
IVE
S;
AND
GUI
DEL
INE
S
METHOXYCHLOR (cont’d) Fish and Aquatic Life
Proposed Agreement Objective
Ontario Provincial Criteria
0.040
ugl£
Not to
exceed
1/10 to
1/100 o
f 48-ho
ur TLm
METHYLENE BLUE ACTIVE
SUBSTANCES (MBAS)
5
4
8
Ram water
US Water Quality Criteria
Desirable:
Permissible:
Canadian Federal Guidelines
Objective:
Acceptable:
Minnesota State Standard
Ontario Pro
vincial Cr
iteria
Desirable:
Per
mis
sib
le:
Drinking water
Canadian Drinking Water Objectives
Objec
tive:
Accep
table
:
Wisconsin State Standard
virtual
ly abse
nt
0.5
mg/l
<0.2
mg/£
0.5
mg/Z
0
.
5
m
g
/
R
virtual
ly abse
nt
0.
5
mg
/£
<0.2
mg/l
0.5
mg/l
0.5
mg/l
MIREX Consumers of Fish and Aquatic Life
FDA Guideline
Canada Health Protection Guideline
0.1 ug/
g in ed
ible po
rtion o
f fish
0.1
ug/g
in
fish
NICKEL
  
Dred
ging
EPA Dredging Guidelines
Nonpolluted:
Moderately
Polluted:
Heavily
Pollute
d:
Fish and Aquatic Life
Proposed Ag
reement Ob
jective
Ontario Provincial Criteria
 
<20 mg
/kg (
dry we
ight
basis)
20—50
mg/kg
(dry
weigh
t ba
sis)
>50 mg
/kg (
dry we
ight
basis)
Total
nicke
l in
unfil
tered
water
sampl
e sh
ould
not e
xceed
0.025
mg/l.
Not t
o exce
ed 1/
50 of
96—hou
r TLm.
   
  
5
4
9
PARAMETER
USE AN
D AGEN
CY CR
IT
ER
IA
;
ST
AN
DA
RD
S;
OB
JE
CY
IV
ES
;
AN
D
GU
ID
EL
IN
ES
NITRATE
Raw Water
US Water Quality Criteria (plus nitrite)
Desirable:
Permissible:
Canadian Federal Guideline (as N)
Objective:
Acceptable:
Permissible:
Michigan State Standard
Minnesota State Standard
Ontario Provincial Criteria (plus
nitrite)
Desirable:
Permissible:
Drinking
water
US Drinking Water Standard
Canadian Drinking Water Objectives (as N}
Objective and Acceptable:
Permissible:
Wisconsin State Standard
Ontario Provincial Drinking Water
Objectives
virtual
ly abse
nt
10 m
g/l
<1
0
mg
/l
<10
mg/1
10
mg
/l
10 m
g/l
45 m
g/£
virtual
ly abse
nt
10 m
g/l
10 m
g/l
<10
mg/l
10
mg
/£
10 m
g/£
10 m
g/l
 
ODOUR
(See also Phenols
and
Threshold
Odour)
 
Raw
water
Agreement
Objective
US Water Quality Criteria
Desirable:
Permissible:
Michigan
State
Standard
Minnesota
State
Standard
Wisconsin
State
Standard
Drinking
water
Canadian Federal Standards and Drinking
Water
Objectives
Objective:
Acceptable:
Maximum permissible:
(any single
sample)
W
i
s
c
o
n
s
i
n
S
t
a
t
e
S
t
a
n
d
a
r
d
 
Phen
ols
and
othe
r ta
ste
and
odou
r su
bsta
nces
shou
ld b
e su
bsta
ntia
lly
ab
se
nt
.
vi
rt
ua
ll
y
ab
se
nt
rec
omm
end
s
no
des
ira
ble
con
cen
tra
tio
ns
Mat
eri
als
pro
duc
ing
odo
ur
sha
ll
not
be
pre
sen
t.
Thr
esh
old
Num
ber
= 3
Mat
eri
als
pro
duc
ing
odou
r s
hall
not
be
pres
ent.
0
T.
O.
N.
un
it
s
2/3
of
samp
les
in
a 30
day
per
iod
<4 T
.O.N
. u
nits
8 T.
O.N.
unit
s
Thr
esh
old
Numb
er
= 3
  
5
5
0
< miss—uem”
'5.
amasmmmnx.i
 
PARAMETER
USE AN
D AGEN
CY CR
ITE
RIA
; S
TAN
DAR
DS;
OBJ
ECT
IVE
S;
AND
GUI
DEL
INE
S
 
OIL,
GREASES,
AND/0R
PETROCHEMICALS
Raw
water
US Water Quality Criteria
Michigan State Standard (all waters)
Minnesota State Standard
Wisconsin State Standard
Ontario Provincial Criteria
Desirable:
Permissible:
Fish and Aquatic Life
Agreement Objective
Proposed Agreement Objective
Minnesota State Standard
Dredging
EPA Dredging Guidelines (hexane solubles)
Nonpolluted:
Moderately
Polluted:
Heavily
Pollute
d:
Ontario Provincial Marine Construction
Guidelines (ether or chloroform
solubles)
virtual
ly abse
nt
absent
absent
Floating or
submerged d
ebris, oil,
scum, or ot
her materia
l shall be
absent.
virtual
ly abse
nt
absent
Free from floating de
bris, oil, and scum a
ttributable to discha
rges
resulting from human
activity in unsightly
or deleterious amount
s.
Oils or petrochemical
s should not be prese
nt in concentrations
that:
(1) Can be
detected as
a visible
surface fil
m, sheen,
or discolou
ration.
(2) Can
be dete
cted by
odour.
(3) Can form deposit
s on shorelines and b
ottom sediments that
are
detectable
by sight or
odour or de
leterious
to resident
aquatic
organ
isms.
(4) Can ca
use taintin
g of fish o
r edible i
nvertebrate
s.
0.5 mg/
£
‘
<1,000 mg/
kg (dry wei
ght basis)
1,000—2000 mg/kg (dry
weight basis)
>2,000 mg/kg (dry weight basis)
1,500 mg/kg
(dry weight
basis)
ORGANIC CONTAMINANTS,
NONPERSISTENT
Fish and Aquatic Life
Proposed Agreement Objective Unspecified nonpersis
tent toxic substances
should not be present
in
concentrations which
exceed 0.05 of the me
dian lethal concentra
tion
(96-hour LCso) for an
y sensitive local spe
cies.
ORGANIC CUNTAMINANYE;
PERSISTENT
  
Fish and Aquatic Life
Agreement Objective
Proposed Agreement Objective
 
Substances should be
substantially absent.
For those
persistent
organic con
taminants
for which n
o specific
objective has been pr
oposed, the concentra
tion in water should
be
limited to the detection level of the best analytical method available.
  
  
5
5
1
 
PARAMETER
US
E
AN
D
AG
EN
CY
CR
IT
ER
IA
;
ST
AN
DA
RD
S,
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
ORGANIC CONTAMINANTS,
PERSISTENT (cont'd)
Consumers of Fish and
Aquatic Life
Proposed Ag
reement Ob
jective
For
thos
e pe
rsis
tent
orga
nic
cont
amin
ants
for
whic
h no
spec
ific
obj
ect
ive
has
bee
n p
ropo
sed,
the
con
cen
tra
tio
n i
n a
quat
ic
org
ani
sms
shou
ld b
e li
mite
d to
the
dete
ctio
n le
vel
of t
he b
est
anal
ytic
al
meth
od a
vail
able
.
ORGANICS CCE+CAE Raw water
Canadi
an Fe
deral
Guidel
ines
Objec
tive:
Acc
ept
abl
e:
Drinkin
g water
Canadi
an Fed
eral
Standa
rds
Objec
tive:
Accep
table
:
Wisc
onsi
n St
ate
Stan
dard
<o.05
mg/SL
0.2 mg/£
<0.0S
mg/l
0.2
mg/E
0.7 mg/2 for CCE
3.0
mg/l
for
CAE
ORGANIC PHO
SPHATE PLUS
CARBA
MATES
Raw water
Canad
ian F
edera
l Gu
ideli
nes
Object
ive an
d Acc
eptabl
e:
Max
imu
m p
ermi
ssib
le:
US Wat
er Qua
lity C
riteri
a
Des
ira
ble
:
Permis
sible:
Ontario Pro
vincial Cri
teria
Des
ira
ble
:
Per
mis
sib
le:
Drinkin
g water
Canadi
an Dri
nking
Water
Object
ives
Object
ive an
d Acc
eptabl
e:
Max
imu
m pe
rmis
sibl
e:
Wisconsin
State Stand
ard
not
det
ect
abl
e
0.100
mg/l
absent
0.1
mg/l
absent
0.
1
mg
/l
not
det
ect
abl
e
0.1
00
mg/
l
Conc
entr
atio
n to
prod
uce
no g
reat
er e
ffec
t th
an 0
.1 m
g/2
para
thio
n.
 
PARATHION
 
Drinkin
g water
Michigan State Standard
 
0.
1
mg
/l
  
 5
5
2
PARAMETER
USE AND AGENCY
CR
IT
ER
IA
)
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
PERTHANE
Fish
and
Aquatic
Life
Ontario Provincial Criteria not to
exceed
1/10 to
1/100 o
f 48—ho
ur TLm.
Raw
water
PESTICIDES,
NONPERSISTENT
'
Proposed Agreement Objective
Concent
rations
of unspe
cified,
nonpers
istent
pestici
des sho
uld not
exceed
0.05 of
the med
ian let
hal con
centrat
ion in
a 96—ho
ur test
for
any sensitive local species.
PHENOLS AND TASTE AND ODOUR
Raw Wbter
PRODUCING SUBSTANCES
Agreement Objective
(See also Odour and
Proposed Agreement Objective
Threshold
Odour)
US Water Quality Criteria
Desirable:
Permissible:
Canadian Federal Guidelines
Objec
tive:
Acceptable:
Michigan State Standard
Minnesota State Standard
Ontario Provincial Criteria
Desirable:
Permissible:
Drinking water
Canadian Drinking Water Objectives
Objective:
Acceptable:
Ontario Provincial DrinkingWater
Objectives
should be substantially absent.
0.001 mg/l. Also, wa
ters should be substa
ntially free from obj
ectionable
taste and odour for a
esthetic reasons and
should not cause redu
ced
acceptance of edible aquatic organisms.
absent
0.001
mg/£
not detectable
0.002
mg/£
not exceed
0.001 mg/l
0.001
mg/l
absent
virtual
ly abse
nt
not det
ectable
0.002
mg/2
0.0
01
mg/
SL
 
pH
Raw water
Agreement Objective
Proposed Agreement Objective
US Water Quality Criteria
Michigan State Standard
  
; Max
imum
deviat
ion o
f 0.5
pH uni
ts at
bounda
ry of
mixing
zone.
for Great L
akes Waters
for
all o
ther
water
s
   
 5
5
3
PARA
METE
R
US
E
AN
D
AG
EN
CY
CR
IT
ER
IA
,
ST
AN
DA
RD
S,
OB
JE
CT
IV
ES
,
AN
D
GU
ID
EL
IN
ES
pH
(cont'd)
Raw Water (cont'd)
Wiscon
sin S
tate
Standa
rd
Ontar
io Pr
ovinc
ial
Crite
ria
Desir
able:
Per
mis
sib
le:
Drinkin
g water
Cana
dian
Fede
ral
Stan
dard
s
Acc
ept
abl
e:
Recre
ation
Can
adi
an
Fed
era
l G
uid
eli
nes
Obj
ect
ive
:
Ran
ge
lim
it:
Pro
vin
ce
of
Ont
ari
o C
rit
eri
a
Fis
h a
nd
Aqu
ati
c L
ife
US
Wat
er
Qua
lit
y C
rit
eri
a
Canad
ian F
edera
l Gu
ideli
nes
Minnes
ota St
ate S
tandar
d
Wisc
onsi
n St
ate
Stan
dard
Ontar
io Pr
ovinc
ial C
riter
ia
6.0
-9.
0;
No
cha
nge
out
sid
e
the
est
ima
ted
nat
ura
l
sea
son
al
max
imu
m
and
min
imu
m g
rea
ter
tha
n 0
.5
pH
uni
ts.
lea
st
amo
unt
of
int
erf
ere
nce
wit
h t
rea
tme
nt
pro
ces
s.
6.0—8.5
6.5
—8.
3
6.5
—8.
3
6.0-9.0
Sho
uld
not
cha
nge
bey
ond
ran
ge
6.5
—8.
3.
6.5—9.0
Cha
nge
abo
ve
nat
ura
l
sea
son
al
max
imu
m n
ot
gre
ate
r t
han
1.5
pH
uni
ts.
Cha
nge
bel
ow
nat
ura
l
sea
son
al
min
imu
m n
ot
gre
ate
r t
han
1.5
pH
uni
ts.
Cha
nge
in
any
loc
ati
on
not
gre
ate
r
tha
n 2
.0
pH
uni
ts.
6.5—8.5
.0
.5
 
PHOSP
HATES
Raw w
ater
Can
adi
an
Fed
era
l G
uid
eli
nes
(POu
)
Objec
tive:
Ac
ce
pt
ab
le
:
<0
.2
mg
/l
0.
2
mg
/l
 
PHOSP
HORUS
(Se
e a
lso
Tot
al
Phosphorus)
 
Raw water
Agree
ment
Objec
tive
US Wat
er Qua
lity C
riteri
a
Des
ira
ble
:
Per
mis
sib
le:
Michig
an St
ate St
andard
Ontar
io Pr
ovinc
ial
Crite
ria
 
Lim
ite
d t
o e
xte
nt
to
pre
ven
t n
uis
anc
e a
lga
e,
wee
d,
and
sli
me
gro
wth
s
whi
ch
are
or
may
bec
ome
inj
uri
ous
to
ben
efi
cia
l w
ate
r u
se.
reco
mmen
ds n
o de
sira
ble
conc
entr
atio
ns
reco
mmen
ds n
o de
sira
ble
conc
entr
atio
ns
suf
fic
ien
tly
low
to
avo
id
nui
san
ce
con
dit
ion
s
not
to
enc
our
age
gro
wth
of
alg
ae.
Not
to
int
erf
ere
wit
h t
rea
tme
nt
proc
ess.
  
 5
5
4
PARAMETER
USE AN
D AGEN
CY
CR
IT
ER
IA
;
ST
AN
DA
RD
S,
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
PHTHALATE ESTERS
Fish and Aquatic Life
Proposed Agreement
Objective
DibUtyl phthalate
Di(2—ethylhexy1)phthalate
Other phthalate esters
POLYCHLORINATED BIPHENYLS
(PCB's)
Consumers of Fish and Aquatic Life
Proposed Agreement Objective
FDA Guideline
Canada Health Protection Guideline
0 1
5.0
2 u
 
PYRIDINE
Fish and Aquatic Life
US Water Quality Criteria
absent
PYROCATECHOL
Fish and Aquatic Life
US Water Quality Criteria
absent
PYROGALLOL
Fish and Aquatic Life
US Water Quality Criteria absent
QUINONE
Fish and Aquatic Life
US Water Quality Criteria absent
 
RADIOACTIVITY
 
Raw water
Agreement Objective
Canadian Federal Guidelines
Objective for 168 hour week:
Acceptable for 168 hour week:
Maximum permissible for 168 hour
wee
k:
 
lowest practicable levels
0.1 ICRP (MPC)
0.33 IC
RP 01?
an
1 ICRP (MPC
) . The o
bjective ma
y be achiev
ed if gross
radioactivi
ty in
- In
tern
atio
nal
Comm
is-
W
water is maintained at <10 pCi/i.
sion on
Radiolo
gical P
rotecti
on Maxi
mum Per
missibl
e Conce
ntratio
n in
Water.
ug/g in who
le fish on
a wet weigh
t basis.
Ug/g in edi
ble portion
of fish and
shellfish.
/
  
 PARAMETER
USE AN
D AGEN
CY
CR
IT
ER
IA
;
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
RADIOACTIVITY (cont'd)
5
5
5
  
Raw water (cont'd)
Michigan St
ate Standar
d
Minnesota State Standard
Wisconsin
State Stand
ard
Ontario Pro
vincial Cri
teria
Desirable: Cross 8
zzsRa
so
sr
Permissible
: Cross 8
zzsRa
east
Drinking water
Canadia
n Drink
ing Wat
er Obje
ctives
Object
ive f
or 168
hour w
eek:
Acceptable
for 168 hou
r week:
Maximum per
missible fo
r 168 hour
week:
Ontario Provincial Drinking Water
Objectives
(9°Sr and a
—emitters
absent)
Recreation
Canadian Federal Guidelines
Gross Radioactivity
Objective:
Maximum limit:
Fish and Aquatic Life
Michigan State Standard
Ontario Provincial Criteria
Cross 8 emitters
226Ra
east
 
In ac
corda
nce
with
and
subje
ct t
o the
crite
ria,
stand
ards,
or
requ
irem
ents
pres
crib
ed b
y th
e U.
S. A
tomi
c En
ergy
Comm
issi
on a
s se
t
fort
h in
the
appl
icab
le c
ode
of F
eder
al R
egul
atio
ns,
Titl
e 10
, Pa
rt 2
0.
Not
to e
xcee
d th
e lo
west
conc
entr
atio
ns
perm
itte
d to
be d
isch
arge
d
to a
n un
cont
roll
ed e
nvir
onme
nt a
s pr
escr
ibed
by t
he a
ppro
pria
te
aut
hor
ity
.
The
crit
eria
in t
he R
adia
tion
Prot
ecti
on C
ode,
Wisc
onsi
n Ad
mini
stra
tion
Code
, Se
ctio
n H5
7.15
shal
l ap
ply
to t
he d
ispo
sal
and
perm
issi
ble
con
cen
tra
tio
ns
of
rad
ioa
cti
ve
sub
sta
nce
s.
<1
00
pC
i/
£
<1
pC
i/
l
<2 p
Ci/l
100
0
pCi
/l
3
pC
i/
R
10
pC
i/
£
0.
1
IC
RP
(MP
C)
0.
33
IC
RP
(M
Pc
h
1 I
CRP
(MP
C)
.
The
obj
ect
ive
may
be
ach
iev
ed
if
gro
ss
rad
ioa
cti
vit
y
is
ma
in
ta
in
ed
at
<10
pC
i/
l.
10
00
pC
i/
l
3
pC
i/
i
10
pC
i/
£
none
<10 pCi/l
Sub
jec
t t
o N
ucl
ear
Reg
ula
tor
y
Com
mis
sio
n a
nd
oth
er
app
lic
abl
e
age
ncy
re
gu
la
ti
on
s.
10
00
pC
i/
i
3
p
C
i
/
i
10
pC
i/
l
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PARAMETER
USE
AND
AGE
NCY
CR
IT
ER
IA
)
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
RADIONUCLIDES
Raw
water
US Water Quality Criteria
No mate
rials s
hould b
e prese
nt.
SELENIUM
Raw water
Proposed Ag
reement Obj
ective
US Wat
er Qua
lity C
riteri
a
Des
ira
ble
:
Per
mis
sib
le:
Canadi
an Fed
eral G
uideli
nes
Obj
ect
ive
:
Acc
ept
abl
e:
Maxi
mum p
ermis
sible
:
Michigan State Standard
Minnesota
State Stand
ard
Ontario Pro
vincial Cr
iteria
Desirable:
Permissible:
Drinking Whter
US Drinking Water Standard
Canadian Drinking Water Objectives
Objec
tive:
Acc
ept
abl
e:
Maximum per
missible:
Wisconsin
State Stand
ard
Ontario Provincial Dr
inking Water
Objectives
Total s
elenium
in unfi
ltered
water s
ample s
hould n
ot exce
ed 0.01
mg/l.
absent
0.01 mg/l
not de
tectab
le
<0.01
mg/l
0.01
mg/Z
0.01 mg/l
0.01
mg/£
absent
0.01
mg/£
0.
01
mg
/z
not
det
ect
abl
e
<0.01
mg/£
0.01
mg/l
0.01
mg/l
0.01
mg/l
 
SETTLEABLE SOLIDS
 
Raw water
Michigan S
tate Standa
rd
[ﬁsh and Aquatic Life
Agreeme
nt Obje
ctive
Proposed Ag
reement Ob
jective
 
absent
Water
s sh
ould
be f
ree
from
Subst
ances
attri
butab
le t
o dis
charg
es
resul
ting
from
human
activ
ity
that
will
settl
e to
form
putre
scent
or
other
wise
objec
tiona
ble
sludg
e dep
osits
or af
fect
aquat
ic l
ife o
r
water
fowl.
Water
s sh
ould
be fr
ee f
rom
subst
ances
attri
butab
le t
o di
schar
ges
resu
ltin
g fr
om h
uman
acti
vity
that
will
sett
le t
o fo
rm p
utre
scen
t
or o
ther
wise
obje
ctio
nabl
e sl
udge
depo
sits
or t
hat
will
alte
r Se
cchi
disk
depth
by mor
e tha
n 10%.
  
 5
5
7
PARA
METE
R
USE
AND
AGE
NCY
CR
IT
ER
IA
;
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
,
AN
D
GU
ID
EL
IN
ES
SETTLEABLE SOLIDS (cont'd)
Fish and Aquatic Life (Cont'd)
US Water Quality Criteria
Settl
eable
and
suspe
nded
solid
s sh
ould
not
reduc
e the
depth
of t
he
comp
ensa
tion
poin
t fo
r ph
otos
ynth
etic
acti
vity
by m
ore
than
10%
from
the
seas
onab
ly e
stab
lish
ed n
orm
for
aqua
tic
life
.
SIL
VER
Raw Water
US Water Qu
ality Crite
ria
Desir
able:
Permissible:
Canadian Federal Guidelines
Maximum per
missible:
Minnesota State Standard
Ontario Pro
vincial Cr
iteria
Desirable:
Permissible:
Drinking water
US Drinking Water Standard
Canadian Drinking Wat
er Objectives
Maximum Permissible:
Wisconsin State Standard
Ontario Provincial Drinking Water
Objectives
abs
ent
0.
05
mg
/Q
0.
05
mg
/2
0.
05
mg
/l
abs
ent
0.
05
mg
/l
0.
05
mg
/m
0.05
mg/l
0.05
mg/l
0.
05
mg
/l
SIMA
ZINE
Cbnsumers of Fish and Aquatic Life
FDA Guideline
12
.0
ug
/g
in
ed
ib
le
po
rt
io
n
of
fi
sh
SODIUM
Drinking
Whter
US Drinking Water Standard
Wisconsin State Standard
The
ado
pti
on
of
max
imu
m c
ont
ami
nan
t
lev
els
is
rec
omm
end
ed.
Inf
orm
ati
on
on
con
cen
tra
tio
ns
to
be
mad
e
ava
ila
ble
to
con
sum
ers
.
 
SULP
HATE
 
Raw
water
US Water Quality Criteria
Desirable:
Permissible:
Canadian Federal Guidelines
Objective:
Acceptable:
 
<5
0
mg
/l
25
0
mg
/l
<2
50
mg
/2
50
0
mg
/l
  
 USE AND AGENCY CRI
TER
IA;
STA
NDA
RDS
,
OBJ
ECT
IVE
S;
AND
GUI
DEL
INE
S
SULPHATE
(Cont’d)
\
?
PARAMETER
\
l
l
l
i
‘
Rum
water
(Cbnt'd)
Minnesota State Standard
Ontario Provincial Criteria
Desirableé
Permissible:
Drinking water
US Drinking Water Standard
Canadian Drinking Water Objectives
Objective:
Acceptable:
Wisconsin State Standard
Ontario Provincial Drinking Water
Objectives
250
mg/2
<50
mg/l
250 mg/l
Recommended that states institute monitoring programs, transients be
notified if
content is
high.
<250 mg/i
500
mg/l
250 mg/z
250 mg/£
SULPHIDE
5
5
8
Drinking water
Canadian Federal Standards and Drinking
Water Objectives
Objective:
Acceptable:
Dredging
EPA Dredging Guidelines
not detectable
0.3 mg/£
test re
commend
ed
TEMPERATURE
Raw water
Agreement Objective
US Water Quality Criteria
Desirable:
Permissible:
Canadian Federal Guidelines
Objective:
Michigan State Standard
No change to adversely affect use.
Recommends no desirable temperature.
Recommends no desirable temperature.
increase <15Co
(1) Loags which wou
ldwarm recgiving wat
ers should not be mor
e ghan
3 F for inland lakes
, 5 F for warm water
streams, and 2 F for
cold wa
ter str
eams.
(2) Loads which woul
dwarm receiving water
s higher than monthly
maximum.
    
 5
5
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PARAME
TER
USE AN
D AGEN
CY
CR
IT
ER
IA
;
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
TEMPERATURE
(Cont'd)
 
Raw Wat
er (Con
t'd)
Michi
gan
State
Stand
ard
(Cont
'd)
Wisconsin State Standard
Ontario Provincial Criteria
Desirable:
Permissible:
Fish and Aquatic Life
Proposed Agreement Objective
Minnesota State Standard
Wisconsin State Standard
Drinking water
Canadian Drinking Wat
er Objectives
Objective:
  
(3)
Lak
e S
upe
rio
r a
nd
St.
Mar
ys
Riv
er
J
F
M
A
M
J
J
A
S
0
N
D
38
36
39
46
53
61
71
74
71
61
49
42
Lak
e H
uro
n
nor
thof
a l
ine
due
east
from
Tawa
s
Poi
nt
J
F
M
A
M
J
J
A
S
0
N
D
40
40
40
50
60
70
75
80
75
65
55
45
Lak
e H
uro
n s
out
h o
f a
lin
e d
ue
eas
t f
rom
Taw
as
Poi
nt,
exc
ept
Sa
gi
na
w
Ba
y:
J
F
M
A
M
J
J
A
S
0
N
D
40
40
40
55
60
75
80
80
80
65
55
45
La
ke
Hu
ro
n,
Sa
gi
na
w
Ba
y:
J
F
M
A
M
J
J
A
S
O
N
D
45
45
45
60
70
75
80
85
78
65
55
4S
Fl
uc
tu
at
io
ns
ab
ov
e
th
eo
ex
is
ti
ng
na
tu
ra
l
te
mp
er
at
ur
e
sh
al
l
no
t
ex
ce
ed
3
F0
fo
r
la
ke
s
an
d
S
F
fo
r
st
re
am
s.
plg
asa
nt
tas
tin
g
85
F
(1)
Th
er
ma
l
st
ra
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.
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pr
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.
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d
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g
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ra
l
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t
re
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ti
on
.
Ma
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er
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ur
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re
am
s
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an
d
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ng
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s
in
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ke
s
3
F
.
<15°c
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PARAMETER
USE AND AGENCY
CRITERIA; STANDARDS; OBJECTIVES; AND GUIDELINES
THRESHOLD
ODOUR
Raw
Water
(see
also
Odour
and
US
Water
Quality
Criteria
Phenols)
Desirable:
absent
Permissible:
no objectionable odour; any odours present should be removed.
Minnesota State Standard
Threshold odour number - 3
Wisconsin State Standard
materials producing odour in such amounts shall not be present.
Drinking
water
Ontario Provincial Drinking Water
Objectives
odour number = 3
 
"TOTAL
DISSOLVED
SOLIDS"
Raw
Hater
(See
also
Dissolved
Agreement
Objective
Solids)
Upper
Lakes:
not
to exceed
present
levels
Lower Lakes:
not
to exceed 200 mg/2.
Proposed Agreement Objective
monitor major ion concentrations in addition to present objective.
US
Water
Quality
Criteria
(Filtered
residue)
Desirable:
<200 mg/l
Permissible:
‘
250 mg/£
Canadian
Federal
Guidelines
Objective:
<500 mg/l
Acceptable:
1000 mg/£
»
Michigan State Standard
not
to exceed 500 mg/l
Minnesota State Standard
500 mg/l
Ontario
Provincial
Criteria
(Filterable
residue)
Desirable:
<200 mg/l
Permissible:
500 mg/1
Drinking
water
US Drinking Water
Standard
(250 mg/l
(recommended)
Canadian Drinking
Water
Objectives
Objective:
<500 mg/l
Acceptable:
1000 mg/l
Wisconsin State Standard
Monthly average not to exceed 500 mg/2.
At any time not to exceed 750 mg/l.
5
6
0
Ontario
Provincial
Drinking Water
Objectives
500 mg/l
Dredging
EPA Dredging Guidelines
‘
1000 mgl£
     
 5
6
1
 
PARAMETER
USE
AND
AGE
NCY C
RIT
ERI
A;
STA
NDA
RDS
,
OBJ
ECT
IVE
S;
AND
GUI
DEL
INE
S
TOTAL HARDNESS
Raw water
Canadian Federal Guidelines
Objective:
Minnesota State Standard
Ontario Provincial Criteria
Acceptable:
Drinking water
Canadian Drinking Water Objectives
Objective:
<120 mg/l
50 m
g/£
Varies with local hyd
rogeologic conditions
and consumer acceptan
ce.
<120 mg/Z
107ML KUELDAHL NITROGEN Dredging
EPA Dredgin
g Guideline
s
Nonpolluted:
Moderately
Polluted:
Heavily
Polluted
:
Ontario Provincial Marine Construction
Guidelines
<l,000 mg/kg (dry weight basis)
l,000—2,000 mg/kg (dry weight basis)
>2,000 mg/kg (dry weight basis)
2,000 mg/kg (dry weight basis)
TOTAL ORGANIC CARBON
Dredging
EPA Dredging Guidelines
tests r
ecommen
ded
TOTAL PHOSPHORUS
(See also Phosphorus)
Raw water
Michigan State Standard
Fish and Aquatic Life
US Water Quality Criteria
Dredging
EPA Dredging Guidelines
Nonpolluted:
Moderately Polluted:
Heavily Polluted:
Ontario Provincial Marine Construction
Guidelines
Sufficiently low to avoid nuisance conditions.
absent
<420 mg/kg (dry weight basis)
420—650 mg/kg (dry weight basis)
>650 mg/kg (dry weight basis)
1000 mg/kg (dry weight basis)
 
TOXAPHENE
 
Raw Voter
US Water Quality Criteria
Desir
able:
Permissible:
 
absent
0.005 mg/l
  
  
5
6
2
PARAMETER
USE AND AGENCY
CRIT
ERIA
; S
TAND
ARDS
; O
BJEC
TIVE
S; A
ND G
UIDE
LINE
S
TOXAPHENE (Cbnt'd) Raw
water
(Cbnt’d)
Canadian Federal Guidelines
Objective and Acceptable:
Maximum permissible:
Ontario Provincial Criteria
Desirable:
Permissible:
Fish and Aquatic Life
Proposed Agreement Objective
Ontario Provincial Criteria
Drinking
water
US Drinking Water Standard
Canadian Drinking Water Objective
Objective and Acceptable:
Maximum permissible:
Wisconsin State Standard
Cbnsumers of Fish and Aquatic Life
FDA
Guideline
‘
not detectable
0.005
mg/l
absent
0.005
mg/l
0.008 ug/£
not to exceed 1/10 to
1/1000 of 48-hour TLm
.
0.005 mg/i
not detectable
0.005 mg/2
0.005 mg/i
5.0 ug/g in edible portion of fish
 
TURBIDITY
 
Raw
water
US Water Quality Criteria
Warm water
Cold
water
Canadian Federal Guidelines
Objective:
Michigan State Standard
Minnesota State Standard
Ontario Provincial Criteria
Desirable:
PermiSsible:
Drinking water
US Drinking Water Standard
Canadian Drinking Water Objectives
Objective:
Acceptable:
Wisconsin State Standard
Ontario Provincial Drinking Water
Objectives
 
50 Jackson units
10 Jack
son uni
ts
5 Jackson units
no quantity
to cause in
jury
5 Jacks
on unit
s
absent
absent
Daily maximum - 1 unit
<1 Jackson unit
5 Jackson units
1 Jackson unit
1 Jackson unit
   
 P
A
R
A
M
E
T
E
R
USE
AND
AGENCY
CRITERIA;
STANDARDS, OBJECT
IVES, AND GUIDELI
NES
H
W
H
D
H
T
(
t
h
H
)
Recreation
Canadian
Federal
Guidelines
Objective:
Maximum:
Fish
and
Aquatic
Life
Minnesota State
Standard
Ontario
Provincial
Criteria
Associated
with
waste
inputs
Warm
water
Cold
water
Lakes:
Warm
water
Cold
water
or
oligotrophic
<5 Jackson units
50 Jackson units
10 Jackson units
not to
not to
not to
not to
exceed 50
exceed 10
exceed 25
exceed
10
Jackson
Jackson
Jackson
Jackson
URANYL ION
5
6
3
Ram
water
US
Water
Quality
Criteria
Desirable:
Permissible:
Canadian
Federal
Guidelines
Objective:
Acceptable:
Ontario
Provincial
Criteria
Desirable:
Permissible:
Drinking
water
Canadian
Drinking Water Objectives
Objective:
Acceptable:
absent
5 mg/£
<l.0 mg/£
5.0 mg/l
absent
5
mg/2
<l.0 mg/l
5.0 mg/£
VOLATILE
SOLIDS
   
Dredging
EPA
Dredging
Guidelines
Nonpolluted:
Moderately
Polluted:
Heavily Polluted:
Ontario
Provincial
Marine
Construction
Guidelines
 
<50,000 mg/kg (dry weight basis)
50,000—80,000 mg/kg (dry weight basis)
>80,000 mg/kg
(dry weight basis)
60,000 mg/kg (dry weight basis) loss on ignition at 600°C (organic
content)
  
 PARAMETER USE AND AGENCY CRITERIA: STANDARDS; OBJECTIVES; AND GUIDELINES
ZINC
Rum Hater
US Water Quality Criteria
Desirable:
absent
Permissible:
S mg/£
Canadian Federal Guidelines
Objective:
<1.0 mg/l
Acceptable:
5.0 mg/l
Minnesota State Standard
5 mg/l
Ontario Provincial Criteria
Desirable:
virtually absent
Permissible:
5 mg/l
Drinking water
1
US Drinking Water Standard
5 mg/l
Canadian Drinking Water Objectives
Objective:
<l.0 mg/l
Acceptable:
5.0 mg/l
Wisconsin State Standard
5.0 mg/l
Ontario Provincial Drinking Water
Objectives
5.0 mg/2
Fish and Aquatic Life
Proposed Agreement Objective
Total zinc in unfiltered water sample should not exceed 30 ug/l.
Canadian Federal Guidelines
Incipient Lcso values for rainbow trout range from 490 to 6700 ug/2
as total hardness ranges from 10 to 1000 mg/ﬁ; criteria factor is 0.1 of
LCso value. TH Zn
10—1000 mg/R 4.9-67.0 mg/l
Ontario Provincial Criteria
Not to exceed 1/100 of 96—hour TL .
Dredging
m
EPA Dredging Guidelines
Nonpolluted:
<90 mg/kg (dry weight basis)
Moderately Polluted:
90—200 mg/kg (dry weight basis)
Heavily Polluted:
>200 mg/kg (dry weight basis)
5
6
4
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ri
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is
ts
to
un
iq
ue
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ra
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Re
fe
re
nc
e
Gr
ou
p
(U
LR
G)
de
fi
ne
d
a
nu
mb
er
of
ke
y
te
rm
s
an
d
de
ve
lo
pe
d
a
su
ff
ic
ie
nt
ly
ex
te
ns
iv
e
li
st
of
no
me
nc
la
tu
re
fo
r
th
e
pu
rp
os
e
of
ha
vi
ng
a
co
mm
on
an
d
un
am
bi
gu
ou
s
te
rm
in
ol
og
y
fo
r
th
is
re
po
rt
.
Th
es
e
de
fi
ni
ti
on
s
an
d
no
me
nc
la
tu
re
ar
e
no
t
in
te
nd
ed
to
su
pp
la
nt
pr
es
en
t
ag
en
cy
te
rm
in
ol
og
y.
Th
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DEFINITIONS
1.
Re
ac
ti
ve
-
re
fe
rs
to
th
at
fr
ac
ti
on
of
th
e
pa
ra
me
te
r
in
th
e
sa
mp
le
al
iq
uo
t
w
h
i
c
h
is
s
e
n
s
i
t
i
v
e
to
th
e
a
n
a
l
y
t
i
c
a
l
te
st
.
S
h
o
ul
d
b
e
i
m
p
l
i
c
i
t
l
y
i
n
c
l
u
d
e
d
i
n
a
n
y
n
o
m
e
n
c
l
a
t
u
r
e
.
E
x
a
m
p
l
e
:
P
0
2
_
(
o
r
t
h
o
p
h
o
s
p
h
a
t
e
)
is
t
h
e
r
e
a
c
t
i
v
e
f
o
r
m
o
f
p
h
o
s
p
h
o
r
u
s
.
2.
T
o
t
a
l
-
r
e
f
e
r
s
to
t
h
e
a
m
o
u
n
t
of
t
h
e
p
a
r
a
m
e
t
e
r
i
n
t
h
e
s
a
m
p
l
e
w
h
i
c
h
,
u
n
d
e
r
t
h
e
c
o
n
d
i
t
i
o
n
s
o
f
t
h
e
a
n
a
l
y
t
i
c
a
l
t
e
s
t
,
is
c
o
n
v
e
r
t
e
d
i
n
t
o
t
h
e
r
e
a
c
t
i
v
e
f
o
r
m
o
f
t
h
e
p
a
r
a
m
e
t
e
r
.
T
o
t
a
l
d
o
e
s
n
o
t
n
e
c
e
s
s
a
r
i
l
y
i
m
p
l
y
t
h
a
t
a
l
l
f
o
r
m
s
o
f
t
h
e
p
a
r
a
m
e
t
e
r
p
r
e
s
e
n
t
i
n
t
h
e
s
a
m
p
l
e
h
a
v
e
b
e
e
n
c
o
n
v
e
r
t
e
d
t
o
t
h
e
r
e
a
c
t
i
v
e
f
o
r
m
.
E
x
a
m
p
l
e
:
T
o
t
a
l
N
i
t
r
o
g
e
n
—
T
h
e
s
u
m
m
a
t
i
o
n
o
r
d
i
r
e
c
t
m
e
a
s
u
r
e
m
e
n
t
o
f
a
l
l
f
o
r
m
s
o
f
o
r
g
a
n
i
c
a
n
d
i
n
o
r
g
a
n
i
c
n
i
t
r
o
g
e
n
i
n
t
h
e
s
a
m
p
l
e
aliquot.
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a
d
-
A
g
e
'
1
»
:
3
0
—
  
T
o
t
a
l
K
j
e
l
d
a
h
l
N
i
t
r
o
g
e
n
—
t
o
t
a
l
r
e
f
e
r
s
t
o
o
n
l
y
t
h
a
t
o
r
g
a
n
i
c
n
i
t
r
o
g
e
n
w
h
i
c
h
i
s
c
o
n
v
e
r
t
e
d
t
o
a
m
m
o
n
i
a
b
y
K
j
e
l
d
a
h
l
d
i
g
e
s
t
i
o
n
;
t
o
t
a
l
,
i
n
t
h
i
s
c
a
s
e
,
a
l
s
o
i
n
c
l
u
d
e
s
a
n
y
a
m
m
o
n
i
a
w
h
i
c
h
w
a
s
o
r
i
g
i
n
a
l
l
y
p
r
e
s
e
n
t
.
Example:
F
i
l
t
r
a
t
i
o
n
—
r
e
f
e
r
s
t
o
a
p
r
o
c
e
s
s
w
h
e
r
e
i
n
t
h
e
s
a
m
p
l
e
a
l
i
q
u
o
t
i
s
p
a
s
s
e
d
t
h
r
o
u
g
h
a
g
e
n
e
r
a
l
f
i
l
t
e
r
m
e
d
i
a
t
o
s
e
p
a
r
a
t
e
t
h
e
a
l
i
q
u
o
t
i
n
t
o
t
w
o
p
o
r
t
i
o
n
s
.
A
n
u
m
b
e
r
o
f
f
i
l
t
e
r
m
e
d
i
a
c
a
n
b
e
u
s
e
d
;
a
g
l
a
s
s
f
i
b
r
e
f
i
l
t
e
r
i
s
o
n
e
c
o
m
m
o
n
t
y
p
e
.
4
.
F
i
l
t
e
r
e
d
-
r
e
f
e
r
s
t
o
t
h
a
t
p
o
r
t
i
o
n
o
f
t
h
e
s
a
m
p
l
e
a
l
i
q
u
o
t
w
h
i
c
h
h
a
s
p
a
s
s
e
d
t
h
r
o
u
g
h
t
h
e
f
i
l
t
e
r
m
e
d
i
a
;
t
h
e
f
i
l
t
r
a
t
e
.
T
h
e
t
y
p
e
o
f
f
i
l
t
e
r
m
e
d
i
a
u
s
e
d
m
u
s
t
b
e
s
p
e
c
i
f
i
e
d
.
5
.
D
i
s
s
o
l
v
e
d
—
r
e
f
e
r
s
t
o
t
h
a
t
p
o
r
t
i
o
n
o
f
t
h
e
s
a
m
p
l
e
a
l
i
q
u
o
t
w
h
i
c
h
h
a
s
p
a
s
s
e
d
t
h
r
o
u
g
h
a
0
.
4
5
u
m
m
e
m
b
r
a
n
e
.
D
i
s
s
o
l
v
e
d
i
s
a
s
p
e
c
i
a
l
c
a
s
e
o
f
filtered.
6
.
S
o
l
u
b
l
e
-
a
t
e
r
m
w
h
i
c
h
i
s
o
f
t
e
n
u
s
e
d
w
h
e
n
f
i
l
t
e
r
e
d
o
r
d
i
s
s
o
l
v
e
d
i
s
i
n
t
e
n
d
e
d
.
S
o
l
u
b
l
e
c
a
n
a
l
s
o
i
m
p
l
y
a
p
o
t
e
n
t
i
a
l
f
o
r
d
i
s
s
o
l
u
t
i
o
n
i
f
t
h
e
c
o
n
d
i
t
i
o
n
s
u
n
d
e
r
w
h
i
c
h
t
h
e
s
a
m
p
l
e
a
l
i
q
u
o
t
e
x
i
s
t
s
w
e
r
e
c
h
a
n
g
e
d
.
B
e
c
a
u
s
e
o
f
p
o
s
s
i
b
l
e
a
m
b
i
g
u
i
t
y
,
t
h
e
t
e
r
m
s
o
l
u
b
l
e
i
s
n
o
t
u
s
e
d
i
n
t
h
i
s
report.
7
.
P
a
r
t
i
c
u
l
a
t
e
-
r
e
f
e
r
s
t
o
t
h
a
t
p
o
r
t
i
o
n
o
f
t
h
e
s
a
m
p
l
e
a
l
i
q
u
o
t
w
h
i
c
h
i
s
r
e
t
a
i
n
e
d
o
n
t
h
e
f
i
l
t
e
r
m
e
d
i
a
u
p
o
n
f
i
l
t
r
a
t
i
o
n
;
t
h
e
r
e
s
i
d
u
e
.
T
h
e
t
y
p
e
o
f
f
i
l
t
e
r
m
e
d
i
a
u
s
e
d
m
u
s
t
b
e
s
p
e
c
i
f
i
e
d
.
8
.
U
n
f
i
l
t
e
r
e
d
-
r
e
f
e
r
s
t
o
a
s
a
m
p
l
e
a
l
i
q
u
o
t
w
h
i
c
h
h
a
s
n
o
t
b
e
e
n
p
a
s
s
e
d
t
h
r
o
u
g
h
a
f
i
l
t
e
r
m
e
d
i
a
.
9
.
O
r
g
a
n
i
c
—
r
e
f
e
r
s
t
o
t
h
e
d
i
f
f
e
r
e
n
c
e
b
e
t
w
e
e
n
t
h
e
t
o
t
a
l
a
n
d
t
h
e
i
n
o
r
g
a
n
i
c
f
o
r
m
o
f
t
h
e
p
a
r
a
m
e
t
e
r
i
n
t
h
e
s
a
m
p
l
e
a
l
i
q
u
o
t
.
1
0
.
C
a
l
c
u
l
a
t
e
d
-
t
h
e
p
a
r
a
m
e
t
e
r
r
e
p
o
r
t
e
d
i
s
n
o
t
d
e
t
e
r
m
i
n
e
d
b
y
a
d
i
r
e
c
t
a
n
a
l
y
-
t
i
c
a
l
m
e
a
s
u
r
e
m
e
n
t
b
u
t
r
e
p
r
e
s
e
n
t
s
a
s
u
m
o
f
,
o
r
t
h
e
d
i
f
f
e
r
e
n
c
e
b
e
t
w
e
e
n
t
w
o
o
r
m
o
r
e
a
n
a
l
y
t
i
c
a
l
m
e
a
s
u
r
e
m
e
n
t
s
o
n
o
t
h
e
r
f
o
r
m
s
o
f
t
h
e
p
a
r
a
m
e
t
e
r
p
r
e
s
e
n
t
i
n
t
h
e
s
a
m
p
l
e
a
l
i
q
u
o
t
;
o
r
i
s
c
a
l
c
u
l
a
t
e
d
f
r
o
m
a
n
o
t
h
e
r
p
a
r
a
m
e
t
e
r
b
y
m
e
a
n
s
o
f
a
c
o
n
v
e
r
s
i
o
n
f
a
c
t
o
r
,
e
.
g
.
s
p
e
c
i
f
i
c
c
o
n
d
u
c
t
a
n
c
e
a
n
d
t
o
t
a
l
d
i
s
s
o
l
v
e
d
s
o
l
i
d
s
.
A
l
l
c
a
l
c
u
l
a
t
e
d
d
a
t
a
m
u
S
t
b
e
s
o
m
a
r
k
e
d
.
R
E
P
O
R
T
I
N
G
U
N
I
T
S
U
s
u
a
l
l
y
o
n
l
y
o
n
e
f
o
r
m
(
t
h
e
r
e
a
c
t
i
v
e
f
o
r
m
)
o
f
a
p
a
r
a
m
e
t
e
r
i
n
a
s
a
m
p
l
e
a
l
i
q
u
o
t
i
s
r
e
s
p
o
n
s
i
v
e
t
o
t
h
e
a
n
a
l
y
t
i
c
a
l
t
e
s
t
.
T
h
e
r
e
f
o
r
e
,
t
h
e
r
e
i
s
o
f
t
e
n
t
i
m
e
s
n
o
r
e
l
a
t
i
o
n
s
h
i
p
b
e
t
w
e
e
n
t
h
e
r
e
a
c
t
i
v
e
f
o
r
m
a
n
d
t
h
e
r
e
p
o
r
t
i
n
g
u
n
i
t
.
T
h
u
s
,
f
o
r
c
o
n
v
e
n
i
e
n
c
e
,
m
o
s
t
c
h
e
m
i
c
a
l
p
a
r
a
m
e
t
e
r
s
a
r
e
r
e
p
o
r
t
e
d
a
s
t
h
e
e
l
e
m
e
n
t
,
e
.
g
.
N
r
a
t
h
e
r
t
h
a
n
N
H
3
,
N
0
3
,
o
r
N
0
2
.
R
e
p
o
r
t
i
n
g
u
n
i
t
s
a
r
e
g
i
v
e
n
f
o
r
e
a
c
h
p
a
r
a
m
e
t
e
r
described below.
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NOMENCLATURE
So
me
de
sc
ri
pt
io
n
of
th
e
an
al
yt
ic
al
te
st
is
in
cl
ud
ed
in
th
e
fo
ll
ow
in
g
no
-
me
nc
la
tu
re
wh
er
e
it
is
fe
lt
th
at
su
ch
de
sc
ri
pt
io
n
is
ne
ce
ss
ar
y
to
av
oi
d
am
bi
g—
ui
ty
in
th
e
te
rm
in
ol
og
y.
Wh
en
in
do
ub
t
as
to
th
e
pr
op
er
no
me
nc
la
tu
re
,
th
e
ag
en
cy
la
bo
ra
to
ry
sh
ou
ld
be
co
ns
ul
te
d.
NITROGEN - REPORT AS mg N/R
+
l.
Am
mo
ni
a
-
th
e
su
m
of
NH
“
(a
mm
on
iu
m)
an
d
NH
3
(f
re
e
am
mo
ni
a)
pr
es
en
t
in
th
e
sa
mp
le
al
iq
uo
t.
Ta
bl
es
ar
e
av
ai
la
bl
e
to
de
te
rm
in
e
ra
ti
o
of
NH
3
to
NH
“
at
th
e
ac
id
it
y
of
an
y
gi
ve
n
wa
te
r.
2. Nitrate — N03’
3.
Ni
tr
at
e
pl
us
ni
tr
it
e
—
N
0
;
+
N0
2-
4.
To
ta
l
Kj
el
da
hl
Ni
tr
og
en
(T
KN
)
-
an
an
al
ys
is
wh
er
e
or
ga
ni
c
ni
tr
og
en
co
m—
po
un
ds
ar
e
co
nv
er
te
d
to
am
mo
ni
a
by
Kj
el
da
hl
di
ge
st
io
n,
wh
ic
h
ar
e
th
en
me
as
ur
ed
,
al
on
g
wi
th
th
e
am
mo
ni
a
wh
ic
h
wa
s
pr
es
en
t
in
th
e
sa
mp
le
al
iq
uo
t
be
fo
re
di
ge
st
io
n.
Va
ri
ou
s
in
te
rl
ab
or
at
or
y
re
co
ve
ri
es
of
ce
rt
ai
n
or
ga
ni
c
ni
tr
og
en
co
mp
ou
nd
s
ar
e
to
be
ex
pe
ct
ed
fo
r
a
Kj
el
da
hl
di
ge
st
io
n,
du
e
to
di
ff
er
en
t
me
th
od
ol
og
ie
s.
5.
Or
ga
ni
c
Ni
tr
og
en
—
an
an
al
ys
is
wh
er
e
am
mo
ni
a
is
re
mo
ve
d
pr
io
r
to
or
ga
ni
c
ni
tr
og
en
co
mp
ou
nd
s
be
in
g
co
nv
er
te
d
to
am
mo
ni
a
by
Kj
el
da
hl
di
ge
st
io
n.
Ma
y
al
so
be
ca
lc
ul
at
ed
by
su
bt
ra
ct
in
g
th
e
am
mo
ni
a
co
nc
en
tr
at
io
n
fr
om
th
e
TK
N
va
lu
e
fo
r
th
e
sa
me
sa
mp
le
.
6.
To
ta
l
Ni
tr
og
en
-
an
an
al
ys
is
wh
er
e
or
ga
ni
c
ni
tr
og
en
co
mp
ou
nd
s
ar
e
co
nv
er
te
d
to
am
mo
ni
a
by
Kj
el
da
hl
di
ge
st
io
n;
a
re
du
ci
ng
ag
en
t
is
pr
es
en
t
to
al
so
co
nv
er
t
ni
tr
at
e
an
d
ni
tr
it
e
to
am
mo
ni
a.
Th
es
e
ar
e
th
en
me
as
ur
ed
,
al
on
g
wi
th
th
e
am
mo
ni
a
wh
ic
h
wa
s
pr
es
en
t
in
th
e
sa
mp
le
be
fo
re
di
ge
s—
ti
on
.
To
ta
l
ni
tr
og
en
ma
y
al
so
be
ca
lc
ul
at
ed
by
su
mm
in
g
ni
tr
at
e,
n
i
t
r
i
t
e
,
o
r
g
a
n
i
c
n
i
t
r
o
g
e
n
,
a
n
d
a
m
m
o
n
i
a
.
F
i
l
t
e
r
e
d
,
d
i
s
s
o
l
v
e
d
,
o
r
u
n
f
i
l
t
e
r
e
d
s
h
o
u
l
d
p
r
e
c
e
d
e
e
a
c
h
p
a
r
a
m
e
t
e
r
;
if
o
n
e
o
f
t
h
e
s
e
t
e
r
m
s
d
o
e
s
n
o
t
a
p
p
e
a
r
,
u
n
f
i
l
t
e
r
e
d
is
i
m
p
l
i
e
d
.
F
o
r
n
i
t
r
o
g
e
n
f
o
r
m
s
,
r
e
a
c
t
i
v
e
i
s
n
o
t
a
p
p
l
i
c
a
b
l
e
.
P
H
O
S
P
H
O
R
U
S
—
R
E
P
O
R
T
A
S
m
g
P
I
E
1.
R
e
a
c
t
i
v
e
P
h
o
s
p
h
a
t
e
s
—
t
h
e
s
a
m
p
l
e
a
l
i
q
u
o
t
i
s
n
o
t
s
u
b
j
e
c
t
e
d
t
o
a
d
i
l
u
t
e
s
u
l
p
h
u
r
i
c
a
c
i
d
d
i
g
e
s
t
i
o
n
p
r
i
o
r
t
o
a
n
a
l
y
s
i
s
.
F
o
r
f
i
l
t
e
r
e
d
r
e
a
c
t
i
v
e
p
h
o
s
p
h
a
t
e
s
a
n
d
d
i
s
s
o
l
v
e
d
r
e
a
c
t
i
v
e
p
h
o
s
p
h
a
t
e
s
,
o
n
l
y
o
r
t
h
o
p
h
o
s
p
h
a
t
e
i
s
m
e
a
s
u
r
e
d
p
r
o
v
i
d
e
d
t
h
a
t
f
i
l
t
r
a
t
i
o
n
a
n
d
a
n
a
l
y
s
i
s
a
r
e
p
e
r
f
o
r
m
e
d
i
m
m
e
d
i
a
t
e
l
y
a
f
t
e
r
s
a
m
p
l
e
c
o
l
l
e
c
t
i
o
n
.
F
a
i
l
u
r
e
t
o
a
d
h
e
r
e
t
o
b
o
t
h
c
o
n
d
i
t
i
o
n
s
m
a
y
y
i
e
l
d
h
i
g
h
r
e
s
u
l
t
s
d
u
e
t
o
h
y
d
r
o
l
y
s
i
s
o
f
o
t
h
e
r
f
o
r
m
s
o
f
p
h
o
s
p
h
o
r
u
s
,
o
r
l
o
w
r
e
s
u
l
t
s
d
u
e
t
o
b
i
o
l
o
g
i
c
a
l
a
c
t
i
v
i
t
y
a
n
d
p
h
y
s
i
c
a
l
i
n
t
e
r
a
c
t
i
o
n
o
f
t
h
e
o
r
t
h
o
p
h
o
s
p
h
a
t
e
w
i
t
h
t
h
e
s
a
m
p
l
e
c
o
n
t
a
i
n
e
r
.
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2.
In
or
ga
ni
c
Ph
os
ph
or
us
—
th
e
sa
mp
le
al
iq
uo
t
is
su
bj
ec
te
d
to
a
di
lu
te
su
lp
h
ur
ic
ac
id
di
ge
st
io
n
(n
o
pe
rs
ul
ph
at
e
an
d
no
fu
mi
ng
)
to
co
nv
er
t
hy
dr
ol
yz
ab
le
ph
os
ph
or
us
fo
rm
s
to
or
th
op
ho
sp
ha
te
,
wh
ic
h
is
th
en
me
as
ur
ed
.
Of
te
n
ca
ll
ed
to
ta
l
ph
os
ph
at
e,
wh
ic
h
is
an
un
ac
ce
pt
ab
le
term.
3.
To
ta
l
Ph
os
ph
or
us
—
an
un
fi
lt
er
ed
sa
mp
le
al
iq
uo
t
is
su
bj
ec
te
d
to
a
co
mb
in
ed
di
lu
te
su
lp
hu
ri
c
ac
id
/p
er
Su
lp
ha
te
di
ge
st
io
n
(o
r
fu
mi
ng
)
to
co
nv
er
t
bo
th
in
or
ga
ni
c
an
d
or
ga
ni
c
fo
rm
s
of
ph
os
ph
or
us
to
or
th
op
ho
sp
ha
te
,
wh
ic
h
is
th
en
me
as
ur
ed
.
Un
fi
lt
er
ed
is
im
pl
ie
d
by
th
e
no
me
nc
la
tu
re
.
4.
Fi
lt
er
ed
To
ta
l
Ph
os
ph
or
us
-
sa
me
as
fo
r
to
ta
l
ph
os
ph
or
us
ex
ce
pt
th
at
th
e
fi
lt
ra
te
is
an
al
yz
ed
af
te
r
th
e
sa
mp
le
al
iq
uo
t
ha
s
pa
ss
ed
th
ro
ug
h
the filter media.
5.
Di
ss
ol
ve
d
To
ta
l
Ph
os
ph
or
us
—
sa
me
as
fo
r
to
ta
l
ph
os
ph
or
us
ex
ce
pt
th
at
th
e
fi
lt
ra
te
is
an
al
yz
ed
af
te
r
th
e
sa
mp
le
al
iq
uo
t
ha
s
pa
ss
ed
th
ro
ug
h
a 0.45 pm membrane.
6.
Pa
rt
ic
ul
at
e
Ph
os
ph
or
us
-
a
di
re
ct
an
al
ys
is
of
th
at
po
rt
io
n
of
th
e
sa
mp
le
al
iq
uo
t
re
ta
in
ed
on
th
e
fi
lt
er
me
di
a;
or
a
ca
lc
ul
at
io
n
of
th
e
di
f—
fe
re
nc
e
be
tw
ee
n
to
ta
l
ph
os
ph
or
us
an
d
fi
lt
er
ed
or
di
ss
ol
ve
d
to
ta
l
ph
os
ph
or
us
.
Th
e
ca
lc
ul
at
ed
va
lu
e
ca
n
be
am
bi
gu
ou
s
un
le
ss
th
e
te
rm
s
in
vo
lv
ed
in
th
e
ca
lc
ul
at
io
n
ar
e
sp
ec
if
ie
d.
7.
Or
ga
ni
c
Ph
os
ph
or
us
-
an
am
bi
gu
ou
s
te
rm
,
us
ua
ll
y
de
fi
ne
d
as
th
e
di
ff
er
en
ce
be
tw
ee
n
to
ta
l
ph
os
ph
or
us
an
d
in
or
ga
ni
c
ph
os
ph
or
us
.
Fi
lt
er
ed
,
di
ss
ol
ve
d,
or
un
fi
lt
er
ed
sh
ou
ld
pr
ec
ed
e
ea
ch
pa
ra
me
te
r,
as
ap
pr
op
ri
at
e;
if
on
e
of
th
es
e
te
rm
s
do
es
no
t
ap
pe
ar
,
un
fi
lt
er
ed
is
im
pl
ie
d.
RE
AC
TI
VE
SI
LI
CA
TE
-
RE
PO
RT
AS
mg
81
02
/2
Fi
lt
er
ed
,
di
ss
ol
ve
d,
or
un
fi
lt
er
ed
sh
ou
ld
pr
ec
ed
e
ea
ch
pa
ra
me
te
r,
as
ap
pr
op
ri
at
e;
if
on
e
of
th
es
e
te
rm
s
do
es
no
t
ap
pe
ar
,
un
fi
lt
er
ed
is
im
pl
ie
d.
Re
ac
ti
ve
si
li
ca
te
is
al
so
ca
ll
ed
re
ac
ti
ve
si
li
ca
or
si
li
ca
,
ne
it
he
r
of
wh
ic
h
is used in this report.
MI
NE
RA
LS
-
RE
PO
RT
AS
mg
M/
£
Mi
ne
ra
ls
in
cl
ud
e
so
di
um
,
po
ta
ss
iu
m,
ma
gn
es
iu
m,
an
d
ca
lc
iu
m.
Ge
ne
ra
ll
y,
no
di
st
in
ct
io
n
is
ma
de
am
on
g
un
fi
lt
er
ed
,
fi
lt
er
ed
,
an
d
di
ss
ol
ve
d
bu
t,
co
ns
id
er
-
in
g
po
ss
ib
le
ap
pl
ic
at
io
ns
of
th
e
da
ta
,
th
e
di
st
in
ct
io
n
sh
ou
ld
be
ma
de
if
possible.
AL
KA
LI
NI
TY
-
RE
PO
RT
AS
mg
Ca
C0
3/
Z
To
ta
l
al
ka
li
ni
ty
,
wi
th
a
ti
tr
at
io
n
to
pH
=
4.
5,
or
by
an
eq
ui
va
le
nt
me
th
od
,
is
th
e
su
m
of
bi
ca
rb
on
at
e
an
d
ca
rb
on
at
e
al
ka
li
ni
ty
.
Fo
r
Up
pe
r
La
ke
s
wa
te
rs
,
ca
rb
on
at
e
al
ka
li
ni
ty
is
us
ua
ll
y
ne
gl
ig
ib
le
co
mp
ar
ed
to
bi
ca
rb
on
at
e
alkalinity.
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 METALS - REPORT AS ug M/£
Me
ta
ls
in
cl
ud
es
ar
se
ni
c,
ba
ri
um
,
ca
dm
iu
m,
ch
ro
mi
um
,
co
pp
er
,
ir
on
,
le
ad
,
ma
ng
an
es
e,
me
rc
ur
y,
ni
ck
el
,
se
le
ni
um
,
si
lv
er
,
st
ro
nt
iu
m,
zin
c,
an
d
al
um
in
um
.
Th
e
te
rm
in
ol
og
y
fo
r
me
ta
ls
di
ff
er
s
sl
ig
ht
ly
fr
om
th
e
ap
pl
ic
at
io
n
to
ot
he
r
pa
ra
me
te
rs
.
In
ad
di
ti
on
,
ac
id
is
us
ua
ll
y
ad
de
d
as
a
pr
es
er
va
ti
ve
;
th
is
is
not
to
be
con
fus
ed
wit
h
aci
d
add
ed
for
dig
est
ion
.
1.
To
ta
l
Me
ta
l
—
an
al
ys
is
by
an
ap
pr
op
ri
at
e
te
st
of
an
un
fi
lt
er
ed
sa
mp
le
aliquot subjected to a digestion.
2.
Un
fi
lt
er
ed
Me
ta
l
—
an
al
ys
is
of
th
e
un
fi
lt
er
ed
sa
mp
le
al
iq
uo
t
wi
th
no
digestion.
3.
Fi
lt
er
ed
Me
ta
l
-
an
al
ys
is
of
th
e
fi
lt
ra
te
po
rt
io
n
of
a
sa
mp
le
al
iq
uo
t
with no digestion.
4.
Di
ss
ol
ve
d
Me
ta
l
—
an
al
ys
is
of
th
e
po
rt
io
n
of
th
e
sa
mp
le
al
iq
uo
t
fi
lt
er
ed
th
ro
ug
h
a
0.
45
pm
me
mb
ra
ne
,
wi
th
no
di
ge
st
io
n.
5.
Pa
rt
ic
ul
at
e
Me
ta
l
-
a
di
re
ct
an
al
ys
is
of
th
at
po
rt
io
n
of
th
e
sa
mp
le
al
iq
uo
t
re
ta
in
ed
on
th
e
fi
lt
er
me
di
a;
th
e
re
si
du
e
is
di
ge
st
ed
.
Ma
y
al
so
be
ca
lc
ul
at
ed
as
th
e
di
ff
er
en
ce
be
tw
ee
n
to
ta
l
an
d
fi
lt
er
ed
metal.
In
ad
di
ti
on
,
so
me
me
ta
ls
ma
y
oc
cu
r
in
or
ga
ni
c
as
we
ll
as
in
or
ga
ni
c
fo
rm
s.
If
th
e
me
ta
l
re
fe
rr
ed
to
is
an
or
ga
ni
c
fo
rm
,
th
en
th
e
pa
rt
ic
ul
ar
or
ga
ni
c
fo
rm
mu
st
be
so
de
si
gn
at
ed
,
e.
g.
me
th
yl
me
rc
ur
y.
So
me
me
ta
ls
ma
y
oc
cu
r
in
mo
re
th
an
on
e
ox
id
at
io
n
st
at
e,
wh
ic
h
sh
ou
ld
be
sp
ec
if
ie
d
in
th
e
no
me
nc
la
tu
re
.
E
x
a
m
p
l
e
:
H
e
x
a
v
a
l
e
n
t
C
h
r
o
m
i
u
m
—
C
r
(
V
I
)
F
e
r
r
o
u
s
I
r
o
n
—
F
e
(
I
I
)
F
e
r
r
i
c
I
r
o
n
-
F
e
(
I
I
I
)
If
th
e
o
x
i
d
a
t
i
o
n
s
t
a
t
e
is
un
s
p
e
c
i
f
i
e
d
,
it
is
un
d
e
r
s
t
o
o
d
th
at
a
l
l
o
x
i
d
a
t
i
o
n
l
e
v
e
l
s
h
a
v
e
b
e
e
n
m
e
a
s
u
r
e
d
.
S
P
E
C
I
F
I
C
C
O
N
D
U
C
T
A
N
C
E
—
R
E
P
O
R
T
A
S
U
S
/
c
m
M
e
a
s
u
r
e
d
a
t
2
5
°
C
o
r
c
o
r
r
e
c
t
e
d
t
o
t
h
i
s
t
e
m
p
e
r
a
t
u
r
e
.
S
O
L
I
D
S
—
R
E
P
O
R
T
A
S
m
g
/
R
S
o
l
i
d
s
,
a
l
s
o
c
a
l
l
e
d
r
e
s
i
d
u
e
w
h
e
n
r
e
f
e
r
r
i
n
g
t
o
a
g
r
a
v
i
m
e
t
r
i
c
t
e
c
h
n
i
q
u
e
,
m
a
y
b
e
d
e
t
e
r
m
i
n
e
d
b
y
m
a
n
y
d
i
f
f
e
r
e
n
t
p
r
o
c
e
d
u
r
e
s
.
T
h
e
r
e
i
s
n
o
k
n
o
w
n
w
a
y
t
o
s
p
e
c
i
f
y
t
h
e
a
c
c
u
r
a
c
y
o
f
a
n
y
o
f
t
h
e
m
e
t
h
o
d
s
.
1.
T
o
t
a
l
S
o
l
i
d
s
-
a
g
r
a
v
i
m
e
t
r
i
c
a
n
a
l
y
s
i
s
o
f
a
n
u
n
f
i
l
t
e
r
e
d
s
a
m
p
l
e
a
l
i
q
u
o
t
a
t
t
h
e
s
p
e
c
i
f
i
e
d
d
r
y
i
n
g
t
e
m
p
e
r
a
t
u
r
e
.
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 2
.
F
i
l
t
e
r
e
d
S
o
l
i
d
s
—
a
g
r
a
v
i
m
e
t
r
i
c
a
n
a
l
y
s
i
s
o
f
t
h
e
f
i
l
t
r
a
t
e
p
o
r
t
i
o
n
o
f
a
s
a
m
p
l
e
a
l
i
q
u
o
t
a
t
t
h
e
s
p
e
c
i
f
i
e
d
d
r
y
i
n
g
t
e
m
p
e
r
a
t
u
r
e
.
3.
D
i
s
s
o
l
v
e
d
S
o
l
i
d
s
—
a
g
r
a
v
i
m
e
t
r
i
c
a
n
a
l
y
s
i
s
o
f
t
h
e
f
i
l
t
r
a
t
e
p
o
r
t
i
o
n
o
f
a
s
a
m
p
l
e
a
l
i
q
u
o
t
p
a
s
s
e
d
t
h
r
o
u
g
h
a
0
.
4
5
p
m
m
e
m
b
r
a
n
e
a
t
t
h
e
s
p
e
c
i
f
i
e
d
d
r
y
i
n
g
t
e
m
p
e
r
a
t
u
r
e
.
4.
P
a
r
t
i
c
u
l
a
t
e
S
o
l
i
d
s
—
g
r
a
v
i
m
e
t
r
i
c
a
n
a
l
y
s
i
s
p
e
r
f
o
r
m
e
d
o
n
t
h
a
t
p
o
r
t
i
o
n
o
f
t
h
e
s
a
m
p
l
e
a
l
i
q
u
o
t
r
e
t
a
i
n
e
d
o
n
t
h
e
f
i
l
t
e
r
m
e
d
i
a
.
T
h
e
c
a
l
c
u
l
a
t
i
o
n
o
f
p
a
r
t
i
c
u
l
a
t
e
s
o
l
i
d
s
f
r
o
m
t
o
t
a
l
s
o
l
i
d
s
m
i
n
u
s
f
i
l
t
e
r
e
d
o
r
d
i
s
s
o
l
v
e
d
s
o
l
i
d
s
s
h
o
u
l
d
n
o
t
b
e
p
e
r
f
o
r
m
e
d
b
e
c
a
u
s
e
t
h
e
r
e
s
u
l
t
i
n
g
w
e
i
g
h
t
i
s
u
s
u
a
l
l
y
t
h
e
s
m
a
l
l
d
i
f
f
e
r
e
n
c
e
b
e
t
w
e
e
n
t
w
o
l
a
r
g
e
v
a
l
u
e
s
.
P
a
r
t
i
c
u
l
a
t
e
s
o
l
i
d
s
i
s
a
l
s
o
c
a
l
l
e
d
s
u
S
p
e
n
d
e
d
s
o
l
i
d
s
,
a
t
e
r
m
w
h
i
c
h
i
s
n
o
t
u
s
e
d
i
n
this report.
T
h
e
d
r
y
i
n
g
t
e
m
p
e
r
a
t
u
r
e
i
s
u
s
u
a
l
l
y
1
0
5
°
C
o
r
1
8
0
°
C
;
b
o
t
h
t
h
e
t
e
m
p
e
r
a
t
u
r
e
a
n
d
t
h
e
f
i
l
t
e
r
m
e
d
i
a
m
u
s
t
b
e
s
p
e
c
i
f
i
e
d
.
S
o
l
i
d
s
m
a
y
a
l
s
o
b
e
m
e
a
s
u
r
e
d
a
s
:
5.
C
o
n
d
u
c
t
i
m
e
t
r
i
c
S
o
l
i
d
s
—
a
w
e
i
g
h
t
c
a
l
c
u
l
a
t
e
d
f
r
o
m
a
s
p
e
c
i
f
i
c
c
o
n
d
u
c
t
a
n
c
e
m
e
a
s
u
r
e
m
e
n
t
a
t
,
o
r
c
o
r
r
e
c
t
e
d
t
o
2
5
C
,
u
s
i
n
g
a
c
o
n
v
e
r
s
i
o
n
f
a
c
t
o
r
o
f
0
.
6
5
.
T
h
i
s
c
o
n
v
e
r
s
i
o
n
f
a
c
t
o
r
i
s
i
m
p
l
i
e
d
u
n
l
e
s
s
o
t
h
e
r
w
i
s
e
s
p
e
c
i
f
i
e
d
.
6.
D
i
s
s
o
l
v
e
d
S
o
l
i
d
s
b
y
S
u
m
m
a
t
i
o
n
-
a
s
u
m
m
a
t
i
o
n
o
f
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
s
o
d
i
u
m
,
p
o
t
a
s
s
i
u
m
,
c
a
l
c
i
u
m
,
m
a
g
n
e
s
i
u
m
,
c
h
l
o
r
i
d
e
,
s
u
l
p
h
a
t
e
,
a
n
d
t
h
e
b
i
c
a
r
b
o
n
a
t
e
e
q
u
i
v
a
l
e
n
t
o
f
a
l
k
a
l
i
n
i
t
y
p
r
e
s
e
n
t
i
n
t
h
e
f
i
l
t
r
a
t
e
o
f
a
s
a
m
p
l
e
a
l
i
q
u
o
t
p
a
s
s
e
d
t
h
r
o
u
g
h
a
0
.
4
5
u
m
m
e
m
b
r
a
n
e
.
N
i
t
r
a
t
e
a
n
d
r
e
a
c
t
i
v
e
s
i
l
i
c
a
t
e
a
r
e
a
l
s
o
o
f
t
e
n
i
n
c
l
u
d
e
d
.
OTHER PARAMETERS
T
h
e
f
o
l
l
o
w
i
n
g
p
a
r
a
m
e
t
e
r
s
a
r
e
r
e
p
o
r
t
e
d
as
:
1.
B
i
o
c
h
e
m
i
c
a
l
O
x
y
g
e
n
D
e
m
a
n
d
(B
OD
)
—
mg
/f
.
In
a
d
d
i
t
i
o
n
,
th
e
i
n
c
u
b
a
t
i
o
n
ti
me
an
d
te
mp
er
at
ur
e,
as
we
ll
as
th
e
ot
he
r
ex
pe
ri
me
nt
al
co
nd
it
io
ns
,
m
u
s
t
b
e
s
p
e
c
i
f
i
e
d
,
e.
g.
BO
D5
at
25
°C
.
2.
C
a
r
b
o
n
-
r
e
p
o
r
t
a
s
m
g
C
/
2
3.
C
h
e
m
i
c
a
l
O
x
y
g
e
n
D
e
m
a
n
d
—
m
g
/
£
4
.
C
h
l
o
r
i
d
e
-
m
g
/
ﬁ
5.
C
y
a
n
i
d
e
-
m
g
C
N
/
£
6.
Di
ss
ol
ve
d
Ox
yg
en
4
mg
02
/2
,
or
pe
rc
en
t
sa
tu
ra
ti
on
wi
th
th
e
te
mp
er
at
ur
e
specified.
7.
F
l
u
o
r
i
d
e
-
m
g
/
£
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8.
Or
ga
ni
c
co
mp
ou
nd
s,
in
cl
ud
in
g
pe
st
ic
id
es
,
ph
en
ol
s,
an
d
PC
B'
s
—
ug
/£
i 9. pH - no units
1 10. Sulphate - mg SOu/ﬁ
   
